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COURTEOUS 


R cader. 


h Mathematical ſtudies 


Fg have for theſe man) years been 
much negletted, ;f nat contem- 
ved, yeb+ 04ve there been ſ® 
many Tare -nvcnrons Joune, 
pn Nation, that notbing . 
poſſeble 10 be added more : 
es ſo may ſay iu theſe, 
nil dium quod NY digum pris. ye at 
the leaſt muſt weeds acknowledge that in this 
we have pre" egted i0ee with noth ing ew, 
| ay 0790s EX inregr3 OIece! 


4 Lthoug 


integram Comaediam ys 
Heauronti Morum enon, [a#Þ Terence, that 
420 2 tranſlate? was bu ape- 


famous Comead | 
logie, tranſcript in and collection 0 © this 
A % ons 


TO THE 


COURTEOUS 


Reader. 


F Libough Mathematical ſtudies | 
a have for theſe many years bees | 
much neglefed, if no! contem- * 
ped, yet+ have there been'ſs 
| ROS many rare inventions found, 
- even by its of our 0w Nation, that nothing 
new ſrems almoſt poſſuble ro be added more : 
as in #ther ftudics ſo, may we ſay 1u theſe, 
| nil dium quodingh diftum pris, Fea 
the leaſt muſt needs acknowledge that m this 
we have preſeited thee with noth ing new 
nothing that 5 our 03VN, Ex integra. 1 <Eca 
antcgratn Comcadiam, hodie* ful aQr us, 
- Heamtomtimorum enon, {aith Terence; thas: 
famous Comedian > trauſlation Was bis apa- 
logie, tranfeription n collefio# ours : this 
.A | 
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Ea om 


fri 's ook. 


price + 8 


| Go Fnfpott 


£44 Book eB 


gets, 


þ--A 


USE 


o& oy” s. ' Tothe Reader: | 


Spark bave endexveured,, that the firſt prin 

© ciples and foundations of theſe ſtudtes (which 
wntil now were not to be known, but by being 
acquainted with many Boghs) might in adue 
mubod-and a perſpicuons manner, be as it 
Were at ,onte, preſented to thy view, and ſerve 
as a perfet INSTITUTION MA- 
THEMATICAL, unto ſuch as have as 
get learnednothing but Arithmetick, 

'-» To that purpoſe we bave firſt laid down 
ſuch propoſtions Geometrical, out oſEuclide, 
Piriſcus, and others, as muſt be known to ſuch 

- gs would underſtand the nature and menſu- = 
ration of all Triangles, Next we bave pro» 
ceeded to the affettions of Triangles in the 


general , and thence to the compoſution 0 7 
the Sines, Tangents, and Secants Natura 

” In which we bave for the moſt yart followed 
the Rules preſtribed by Pitiſcus, in ſome things 

. -we bave fakentbe direffion of Snellius, and 
22 the triſeflion and | 0g rar of an an- 


gle we bave proceeded Algebraically , with 
thoſe two famons oor hey. ork of our age 
6, * and. Nation, Brigpges, and Oughteed 3 ang 
$i] | "becauſe the Algebrarcall work 45 of it ſelje ab- 
4 e and intricate, t6theſe that are nor ac- 
Mt . quainted with it , we 'have infifted. the more 
79 Lagos, It, and by our explanation we bave en- 
| e 


avorred ro mdhe #t plain and eaſie; ind 
that 


Y> 


+ To the Reader. 
that nothing may be wanting , which ether 
foi mer ren (by God bleſſing andi 
theirinduftryd have afferded to us, we btue 
to the compoſition of the Natural Canon, ad- 
ded out of Briggs and Wingate the conflvu- 
fion ofthe. Logarithms of axy nianbers, and _ 
conſequently bow to make the Logarithrms of 
the Natural Sines, Tangents, and Secants, 
This done, the ah 6p" in the uſnall Cafes 
of all Triangles both Plain and Spherical, 
we bave firſt cleared by Demonſtration out of | 
Pitiſcus, Gebbrand, Norwood, ad others; 
_ and then explained the maninty of the work i 
Natural and Artificial Numbers both, and ſt 
conclude the' firſt Part of our Inſtitution; 2 2, 
And in the ſecond Part we have medggut 4 
application of al'the former unto A 
frft, and then co-Pialling and Navipation, 
In bur” applitatinn to omic, we. have 
farniſhed yow-with- a Table of the Suns Mo+ 
tion, whereby co calculate his place inthe Zo- 
| diac in Decimal numbers,and withour which 
moſt of the ether Problemes would be found |, 
{if not wſele) yet very intricate and obſcure; 
that being, far the moſt pait, one of the three 
terms ſuppoſed to be given In 


# © 1zche Chapter of Dialling, you have the 
3 Sphears projeRion, according re rhe dreBbe>* * 
I | on 


_ —_——_ 
E ad 7.2 
\ 


wi an. SS A. 4A. MH , 


SI* 


4 —_ : 
_ 05 " F 
ag he 116 


A L. 


= 


o » WA £7? E 
er EF 


: ; 


To the Reader. 
ons of Wels, in bis Artof Shadows, and how 


' fodrawthe bourclines of all the ſcurrall D> 


als mbich he bath contrived from thence, we 


1 bave briefly ſhewed; ani mw the finding of all 


the arches in theſe Caſes neceſſary, we bave 


- dept onr ſelves to our own CANON, 


which doth exhibit the degrees of the Qua+ 
drant in Centecimal parts or minutes, | 
In the Chaptcr of Navigation , you bave 
Frftthe diviſion of the Sca-mans Compaſſe, 
Aeat the s Pat; and making of the Sca- 
Char, as Edward Wright our werthy Coun+ 


trey-man bath giues us the Demnnſtracion 
© Theres in bis Book catituled, The correGion 
- of Errours in Navigation : t9 theſe we bave 


ad#J ſuch other Problemes as are now a- 


| mongſt our Sca-men of woſt ſequent uſe; an» 
ionall 


xexing thereunto a Table of 
'ts, aud other Tables wfejult as well 3u 
;alling as ii Navigation , ad all theſe in 
Pecimall numbers , i being indeed our aim 
fas much as in us lieth) not only to promote 


.» theſe ftudies bythis our Compendium of the 
- Grſt rudiments of Machemarical learning, as 


wrelation 8othe matter therein td be cattfidt+ 
red, but by ſuch expeditious and adyantagt» - 

aus wayes of working alſo, as have been late» | 
hy found, or ſormer ages have commended to | 


ws ; amongſt which theic # mm 
' lens 


To the Reader. by 
' thn theti that which jk perſofiwedby Decima 
numbers, fully tg explicate the manner and 
worth whereof weremaiter enough for a whole 
Treadiſe, and therefor mdtro be expetied ina * 
ſhort Epiſtle : It would*ndeed be very tm- © 
pertinent 18 intermeddle any farther with is 
here, then iz our lnſttution i elſe is dlvcady 
explained, in which thou maift perceive Addi- 


-% rion and Iubrraftion #f | es, Minutes, 

Ex and Seconds, to be þ '« is Velgar. . 

numbers, without any lon ro- their [= 
* verall Denominarlons, nipey-. 
3 by the addivion of C and Divie: 


mores. 
progreſſe in theſe raviſhing, migh 
they would have taken the pains) bavebapiy. 
preſented pho beevareg Larry, l Do | 
The moſl of this was as. the rſt collefted for * 
our private uſe, and new publiſhed ſpribe 
. good of others, _ CSR. 


Joh Newton: 


 & I &. 


WW Er »  & <u=unaSdanttf 558 7 
_-; 


Read, or rermes, 
For BgA,r,BgC. 
read, 3 TUNCs 6-13 18, 
y, one third 
7, ONC third 
y. triangles.in the following $- 
r, by the x8tb. (gate. 
y. arc equiangled, 
- x,thearchCGK. 
7. 21 of rhe fuſt, 


xr, of 120 $, \ 


9 ' r, by 18; o - 


29—IX” ”, 3913, 
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MATHEMATICALL 
_— Inſtitution. — 


——— 


—— 
— _— ——_ A. 


CHAP, I, 
Geometrical Definitions. 


Fchings Mathematicall chere are » 
ewo principall kindes, Number 
and .Magzitad? ; and each 0 

his SCIENCE, 

The Science of Number is A- 

rithmeich, and the Science of ' Magnitude 

is commonly called Geometry,but may more. +? 

rermed Megethelogia, as com- * 

all ns LO 

whexeas Ge the very Erymologic 

of theword;« ee rar is ek 
ence wo Land-meaſuring only. 

'Of this dds Geamery, or Se 


(2) 

ence of Magnirtudes, we will ſer down ſuch 
<7 ua principles as are neceſſary to 

known, for the better underſtanding of 
that which follows, preſuming that the rea- 
der hereof hath already gotten ſome com- 
pertent knowledge in Arithmetich, 

Concerning then this Science of Magni- 
tude, rwo things are to be conſidered : Fiſt, 
the ſeverall beadsro which all Magnitudes 
may be referred : And then ſecondly , the 
terms and limits of thoſe Magnirudes, 

All Magnitudes are cicher Lines, Plains, 
or Solids , and do participate of Length, 
Breadth, or Thickneſfle, 


1. ALine is a ſuppoſed length, or a thin 
extending it ſelf in length, withour breadth 
or thickneſs, whether it be a right line or a 
crooked; and may be divided into parxs in 
reſpe& of his mm bur admitterh no 0- 


ther divifion ; as the linc AB. 


". B 


2, The endsorlimirs of «line are. points, 
as having his beginning from a point, and. 
ending ina point, ons therefoxe a x over 


(3) 
hath neicher part nor quantity, it is only 
the cerm or end of quantity, as the points 
AandB arethe ends of the aforeſaid line 
A B, and no parts thereof, | 

3.A Plaix or Superficies is the ſecond k'nd 
of magnitude, to which belongerth rwwo- di- 
menfions, length, and breadrh, but nor 
thickneſs. 

4. As the ends, limits or bounds of a line 
are points confining the line, fo are lines | 
the limits, bounds and ends incl a _ 

; perhcies;z asin the figure you may lee 
| lain or Superficies here incloſed with four 
incs , which are the extrcams or limies 


4 thereof, 
1 
| A Ri { 
| hoe 
| | 
- 
5, | 
64 . A Body or Solid is the third kinde of 
* | 7 rbrvy and hath three dimenſions be 


pa & longing.) 


| 
d. 


ing to it, length, breadth, and thidk-" 
_—_— as a point isthe limit or term of 
a line, aud a line the limit or term of a Su- 
perficics, ſo likewiſe a Superficics is the end 
Q1inir of a Body or Solid, and repreſent- 
eth rothe eye the ſhape or y=_ thereof, 

6. A Figure is that which is contained 
| under one or many limits, Under one. 
bound or limit is comprehended a Circle, 
and all other figures under many, 

7. A Circle is @ plain figure contained 
under one round linc, which is called a cir- 
cumference, as in the Figure following, the 
KirgCBDE is called the circumference 
oi that Circle, 

8. The Center of a Circle is that point 
which is in the midſt thereof,” from which 
point, all right lines drawn to the circum- 
ference are equal-the one to the other ; as 
in the following figure, the lines AB, AC, 
AD, and AE, are cqua]. 

9. The Diameter of a Circle , is a right 
- [line drawn through the center thereof , and 
ending at rhe circumference on cither fide, 
dividing the Circle into two equal parts, 
as the lines CAD and BAE, are cither 
of them the diamerer of rheCircleBCDE, 
becauſe that cirher of them doth paſle 


I  zhrough the center A, and dividerh the 


whole 
f 


(s) 
-whole Cixcle inego two equal parry 
19. The Semidianicter of a Cuele is hae 
the Diamerer, and is contained berwixt the 
center 2nd one fide of the Circle; as the- 
lines AB, AC, AD, agd AE, are either” 
of wm the Semidiamerers of _ G_ 
CBD 
11, A Semicircle is the one halke of jp 
Circle drawn vpon.his Diametes , and f 
contained by the. half ciagumference and 
the Diameter; 86 Fe Samicirele-© B Dja 
halfe the Ciucle CBD E284 conteined Ef 
bove the Diameicr CAD. 


(6) 

12. A Duadrant is the fourth part of a 
Circle, and is contained berwixt the Semi- _ 
diameter of the Circle, and a line drawn 

icular unto the Diameter of the 

| Circle, from the center thereof, divi- 

ding the $emicircle into ro equal parts, 

of the which parts the one is the Quadranr 

:or fourth parr of the ſame Circle, Thuszthe 

<Diamerer of the Circle BDE C is the line 

-C AD, dividing the Circle into ewo equal 

parts, then fromthe cencer A raiſe the per- 

ar AB, dividing the Scmicircle 

vic into two equal; parts, ſo is A BD, 

orA BC, the Quadrant or fourth pait of 
the Circle. 

13. A Segment or portion of a Circle is a 
figure comrained under a right line and a 
part of the circumference of a Ctrcle,cither 

ter or leflerthan the Semicircle; as in 

former figure, FB GH is a ſegment or 
part of the Circle CB DE, contained un- 
dee cherightline FHG lefle than the Dia- 
meter C AD. 


* | 14. Py the application of ſeveral lines 
x (| ficrmovf a Superficics one to another, are 


made Parallels, Angles, and many fided 


Figures, 
IF, A Burallel line isa line drawnby the 
, fide of another line, in ſuch ſort that they 
may 


(7) 
may be equidiſtant in all places, and of ? 
ſuch there are rwo ſorts, the _ lined pa- 

v - rallel, and the circular parallel. 

Right lined Parallels are two right lines 
equidiftant in all places one from \ 4 other, 
which being drawn ro-an infinite length 
would never meet or cogacur;as may be Fen 

by theſe two lines, AB and C D, 


A Circulay Parallel is a Circle drawtt 
within or without another Circle, upon the 
X Ffamecencer, as you may plainly ſee bythe 
I ewo Circles BCDE, and FG H], thefe 
3 Circles are both of them drawn upon the 
= fame center A, and therefore are parallel 
& enctothe other. 


E. 


18. An Azple is the mecting of two lines 
.ia any ſort, ſo as they borh make nor one 
- as the two lincs AB and AC incline 
the ant tothe ocher,and touch one anocher 
mo in which point is made che 
le BAC, And ifthe lincs which con- 


| rainthe m_ be rigbr lines, then ir js cal- 


led arighr le; as the angle BAC. 
Acrooked lined angle is that which is con- 
akined of crooked nes; as the angle DEF: 
- anda mixtavgleis that which is contained 
both of a right and crooked line; as the an- 
gle GHI: where A 


(v9 )' 
the-moſt part) deſcribed tunes 
which theſecondormidgle letter | 
eth the angular point; as in the angle BAR, | 
Arepreſenteth the ABEUIAT point, | 


(10) 
ABC isequaltothe angle AB D, andet- 
cher of thoſe angles is rherefore a right an- 
gle. | 


A | = 


C —_ ND 
B 
19. An acute angle is that which is lefſe 
than a right angle; as the angle ABE is an 
acute angle, becauſe it is leſs than the right 
angle A B. D, in the former fig ure, 

20, An Obtuſe Angle is that which is 
than a righe angle; CBE inthe 
figure is greater than the angle ABC 
| b Ao leABF; and therefnie it is an 
©, 


21, The meaſure of cvery angle is the 
arch of a Circle deſcribed on the angular 
' Poine, as in the following , the arch 
| EDijsrhemcaſare of the right angle CED. 

The arch B C is;rhe meaſure of the acute 
angle BEC. And the arch BC D is the 
_ mcaſure of the obtuſe angle BE D, Burof 
F tbcir meaſure there can be no certain know- 

Jedge, unlefſe the quantiry of thaſe arc hes 

be expreſt in numbgry, 23, Every 


” 


A" ww OM 


> NO 


oo FT Fry (3 C3 © ©& Fy YÞ 


22, Every Circle therefore is igporg 
to be divided into 200 cquall parts, called ; 
Degrees,aud every Degree into 60 Minutes, | 
excry Minure into 60 Seconds, and ſo for- 
ward, This divifion of the Circle i inro 365 
parrs we ſhall retain, bur every Degree we 
will ſuppoſets be divided into 160 parts & 
Minutes, & every Minute into 166 Seconds: 
anda all Calculations will be much e#- 
fier, and nolefle certain, 

24. A Semicircle be halfe of a whole 
circle conta 180 legrees, A Quadrant 
or fourth par a circle is 9o gegrec 
And thus the meaſure of che right angle © - 
E Dis the arch CD go d 
ſure of the acure angle B © is the 
B C 30 degrees. And the meaſure of the of 
ruſe ang le BED is the arch BD 120 degrees, 

24. The complement of an angie = wy 
Quadrant is ſo much as the avgle 


_ 


Y 
| GED 
of '90 d ___ as the complement of the - 
angle AE B 60 degrees is t ge! a BEC 
309 ear forgo nnd 6> de e a Qua- 
drant or go degrees, 
- 35, The complement of an- 8 = 2 
Semicircle is ſo much as the ſai 
_ _ m_ d s, as the comple- 
menr of the angleB BD 20 dart lorke 
p leAEB, 60 degrees ; for 60-and 120 
ks 189 « 
. . 36, Many ſided figures are ſuch as are 
"made of three, four, or more lines, rhe 
for diſtia&ionTake, thoſc only are fo 
which are contained under five lines a 
terms ar the leaſt, 
, | 27, Four ſided figures are ſud as ate 
© eantained underfour lines or, terms, and 
we of divers ſorts, 
1, There is the or or Square whoſe 
fides arecquall and hi $ right, 
Fs .The "york ole angles are 
bur the ſides unequal). 
Rhombas oc bro having 6- 
(pil Le barner 
4. The RIES equal 
per. ragps 


| | apes on role __ _— 
| + I 


(iz). | 
25 alſo of all figures wharſoever,” de 


th upon the knowledge of three fided f- 
TG Triangles, of which in the Chap- 


cer followng,. 


a _ —_— 

le ; - 

A CHAP, II. 

L » 

. Of the natwre and of 
Triangles, 


le are the fides of the'anple compre- 
bend by-chaim, the tes Bhs Gdchs the = 
et tr 
that is oppoſite to thar fide ; 
I Ts 


Triangle Is 2 bps vial, of 
nlp Ges followi | 
$304, ba þ 
9 Cur wor 6s > 
= ſubcenderhs the Les. ACB; 3 de 
ſer (gia 
* RA 4:06: 


"A tia of the RET Crap | 
res: 
TT ce nt: RBRG 


. 
i o e 


A 


B 


; 4. Of Triangles there are diverſe forts; Þ 
2s 

7, Thereare Equilateral Triangles, ha- 
ving three equal fides, 3 


3+ There is an T/ſoſcheles, which is a Tri- | ; 
angle that hath wwe <qual fides, y 
3. Scalenum, which is a Triangle whoſe © G7 
are all unequal. 
4. An Ortbigonium, or a. right angles 


| Trian , having one right angle. 
— Anda be an eaſe angled | 
Shari: in itone obtuſe angle, 
R_ n. Oxigenium, or an acute Aye | 


Tri Ic kaving all kis ang! es acune, 
"7, All the Frangles a are cither Plain þ | 


8. The fides of Plain Triangles! n Trige- ; 
-#omgtrie are right lincs only, — 


& 


(x5) 
-which we have added theſe Theorems fol- 


lowing, 


9, Theorem, 1 Fa one right line cut thy 
two parallel right f_ then are the an- 
gles oppoſite one again(s another equal, 


J 
In the followfi Scheme the two lines WX 


and Y Z are parallel, and therefore the an- 
gles XIC, andI CY are cqual, 


yd N 2 
_— 
dy Ta 


Demonſtration. | 

The two ang les XICandWIC aree- 
qual to two right angles, as alſo I CY and 
I C Z, becauſe on the parallel lines ar the 
points [ and Cthere may be drawn two Se- 
micircles, each of which are the meaſures 
—_ angles, If then the angle X 1 C 
ICY. the angle W1 C muft 

ned oo OE. and the 

wngls XI Cant £C1 youldbricothas | 


& 


(6) 
wwe and conſequently the 
., Jines W X and Y Z may be extended ono 
Gde X and Zril ar lengrth they ſhall conay 
wapether, and chen the lines W X andy 7 
-arcnce parallels, as is ſuppoſed here, an{ 


therefore the argles X1.C and 1 CY an! 


equal, 

To, Theor, If four right lanes be proper- 
tional, the brow figure made of 
the two means, is equalto the right any- 
led figure —_ of the two exireams, 
on —-j6-- 6 

Ler the four p —S inked; 

feor, E F three foor, F G fix foor, and BC 


nine foot: - I ſay then that the right angled ® 


made of the two meansEF and FG, } 


T is, the right angled EFGH,u% 


equal to the tighrangled figure made of the 7 
extreams A Band B C2kar is, rothe right 


angled eye ABC as rwice 9s 18, > 
| | - $ ; ; 
| exhrcet 45.18, | - 8 


: : 
* 
<> 

p: 
3 
- 


" 21+ The-\ 


o 
r 
* 
- 
An. 
- 


(18) 
NA Demonſtration. - Di 
*The Demonſtration of this propohrimm is 
allone in effe& with the mo 
. ference is,thar here is ſpoken of three lines, 
there of four, and therefore if we take the 
mean twice, of which the ſquare is made, | 
the work will be rhe ſame with thar 'in the 
former propoſition, As if the 1 of the 
ficſt line were two foor, the ſecond four, and 
the third cight ; iris evident, that as four 
tires four is 16, ſo rwo times eight is 16,and 
" therefore what hath been faid of four pro- 
portionals, is to be underſtood of three pro- | 
portionals alſo. 
#2, Theor, 1f a right line being dovided } 
into two equal parts, ſhall be continued 
at pleaſure, then is the right angled fi- 
ure made of the line continued, and the > 
y continuation, with the ſquare of 
one of the bi-ſegments, equal to a ſquare | 
made of one of the bi-ſegments and the 7 
bne of continuation, 
6:2 


The line Þ Q. is divided into wwo 
Ti tne, 66 ON) ſame is added # 


k 


« tight linc, az QN; and of the whole 
lineP Q, and the added line QN Hymns 


me 


(19) 'v 
? N as one line, and of this linePN, and © 
he added line QN is incloſed' the righe 
ngled M, and upon the halfe hne [-4 ! 


Q andthe of contmuation QN 13 


nade the ſquare C F. Now if you draw the 


ine QGparallelto NF, and equal rogh 2 


ame, thea is the right angled figure | 
ith the ſquare of C Q that is, the | 


G, equal to the ſquare of C N, that js, the  - 


quare CF, 


(26) 

13. Theor, To divide a wy 
parts, {0 that the right; augle a 
made of the whole lxe and one - 

| ſhallbeequal to the ſquare of the 


Fore ffs 2. 
The xight line given is AB, upon hel 
Eazy fas, ygent ty Anka 4y or 
and dividethe fide ADintwoe Mar 
the midſt is M, from M draw a li hy 
be & 


and produce A Dro H,_ fo that MH 
quali MB ; and upon A 


toAB) and the part BF, equall w! 
ſquare of che other part A F, thar is, tw} 
RK 


| 


. 


by 


(C21)) 
oht angled figure comprehended' of HI 
d HA, or the righrangled figure of HD 
d HG, asthe figure GHE D, with the 


auare of A M, ate together <qual-to the 
auaſe of 'H M, being equal co BM: it 


blloweth, that if we take away the ſquare 
A M, common to both, that the ſquare 
AB, thar is, the ſquareAB CD is cqual 


the right angled figure H GED, and the 


DINIT on right angled-igureAEbeingraken 
pm them both , there ſhall remain the 


FG, whic wasto be proved, 


ight angted ftrgure F.C, equalto the ſquare 


14 Theor, To divide avight lane given I : 


by extream and mean properiien, 
A right line is ſaid to be divided by an 


&-rream and mean proportion, when the 
Whole is co the greater part, as the greater 
LS to the lefle, And thus aright line being: 
$Wivided, as the right lineAB is divided in 


ie preceding Diagram in the poine Fgitls * 


ivided in cxtrcam and titan 


praportions |» 
wet is, AS AB, isto AF; fois AF,'toBEs 2 


\ Demauſtration, 
Foraſmuch xs the right lined figure 


ded with AB and FB, as the figuire 
FBC 


*® 


+ 
# 


- = 
Fa : 

s 
n 


. 


” d x? "WW, 
—_w 0 


(22) 

FB CE isequaltothe ſquareof AF,that jg 
ro the ſquare AF G H,;it followeth, 'by by 
eleventh Theorem of this Chapeer , tha 
the linc AB is divided in extream and mea 
proportion : that is, ASA B, istoAF: & 
BAFE,toFB, ; 


15 Theor, In all plain Triangles, a li 


par parallel to a any of the fides, 
we ſes poporionſ 


erhFhe other two ſides proportion 


— Asiithe plain > le ABC, KLbe 
rothe baſe J ir cutreth of 

from the fide AC = , and alſo ir 
cutreth off from the fide A B one third 


Tp the reaſon is, becauſe the right line 
cutterh off one third part from the 
whole ſpace DG FB, & therefore it cutrerh 


off one third part from 7.5 lines that 3 


_ are drawn quite through tilt, ſpace, 

And hereupon parallel 1Bies bounded 
with parallels are equal; as the parallels 
EDandGH bein  — with the pa- 


rallelsD Gand'HE are m——_ for ——_ the 
whole lines DB = 


and GH being art oe thens, 
muſt needs becqual Lat 


Is Theor, 


.F 


16 Theor, Equiangled Triangles bave 
their-ſedes about the equall angles pro- 
portionall, and contraril 


Let AB QandADE betwo plain equi- 
angled Triangles, fo as the angles ar B and 
D,atAandA, and alſo at C and E be c- 
qual one to the other; I ſay, their fides a- 
_ the equal angles are-proportionall ; 
that is, * es £24 

1 As AB, isto BC: Sois A D,f EP— 

2 As.AB,isto AC: Sois AD,toAE. 

3 Hs AC,is toC B; SO0is nes 


= & ' 
, _ 
. 
% 


(14) 
Demonſtration. | 

Becauſe the angles BAC andDAF ar 
equal by the Propoſition ; therefore if A 
B be applied ro AD, AC ſhall fall in AE; 
and by {uch application isthis 
In which , becauſe that AB 
mcet together, and alſorhar the' 
Band D are .cquall, by the Pr 10N ; 
therefore the other ſides BC and DE ar 
pa:allel ; and, by rhe laft aforegoing, BE 
cuttcrh the ſides A D and AE propertional- 
ly : and therefore, . «© * : 

As AB,toAD: SoSAC,toAE., 


D 
A 
B 


wt: - 


et A. 


————_ OC Lge 


B-. 


C 
Moreover, by the point B, ler there be 
drawn the right line BF parallel gr 
4 " 4 -þa 


- (:5) -Y 
baſe AE, and it ſhall eutthe other two ſides | 
proportionally in the points B and F, and 
therefore, | | 
1. he AB ro AD:forEFwBD, 


P Or thus, | 
As ABtSAD: fois CB tro E D: becauſe 
char Fidand B C are equal, by the laſt a- 
foregoing, | 


1. Theor, In all right angled glain Tri- 
_ angles, the fdes including” the right an- __ 
gle ere equalto the the rhird de. = 


sf | 

lacke righe ended vita triangle ABC, : 

right angled at B, thefides ABandB Care - 
equal in power tothe third fide A C ; that 

is the ſquares of the fides ABand Bc, 
wit, the ſquares AL M BandBEDC ad- 
ded roge r, ze equalro rhe- ſquare ef rhe 
bde A C,mher is ro the ſquare AC KL © 


Demonfiration. | 


Let AB Che 4 rriangle, + mig ee 

B 4 foot, and the fide A C x foot, Eexe- 
ade rhe ſquare © concel 
much arrhe ſquares ofthe fides AB anfl , * 
£ "SG BC 


wet Fa 
rhe ſquare 


5} þ addediogrreers = , whichnavto 
| pm ey 
is. 


27) 
A. ler thete be's B- 2 
micircle drawn upon the point B, and 12% 
there be alſo dawn a line parallel 
AC, fromB unto G, 


»H RE ; D - | | 
b m " Ed 
* 4 . 


at08. . % | 


1 ſay that the angleGBD is equal#s\ | 


the angle BAC, by the pth betrot p2ind* | 
the angle C B G wequateo the ACB- 
by che ſame reaſon, and the angles CB Gt | 


and G.BD, arc rogetheriequal io thei L 
ABC, byrhe 1&þ, ofthe firltt Eobdialiare- - 


of a ciphe \Nned Fri-+ + 


F a) 
A | Avif inthe circle A B C the circumference 
VB C be mars ring on , then the angle BAC 


thar circumference ſhall 

be 60 4e _ The reaſon. is, becauſe the 

whole circle A B-C is 360 deprecs, and the 

; Three angles of a plain triangle cannot ex- 

eccd 130 degrees, orewo right angles, by the 

Laſt aforegoing , therefore , as every arch is 

' the one third of 36s, ſo every angle oppo- 

fee to thag.archis the onecthird of 18o, that 
is 60 degrees, * 

Or thus, From'the angle ABC, lectherc 
be drain the diamerer BED , and from 
the centerE to the circumference, ler there 
be drawn the twe Radii or ſemidiameters 
 AEandAC, I ſay thea thar the divided 
| _ BDand DBC are the once halfe 

of les AEDan&dDEC: for the an- 
ABEandBAE arcequall 
| RadjiAEand EB arc cqual 
 alſorheangle AED igequal toche a: 

ABEand BAE added 
draw the lincE F | 

F - Iyer cothe 

_— wane and by the 1 


(29) 
whichis a'l one, the angle AEDis 
ro the avg ABD. 


BY 


DECis double 

becauſe the pa ; 

double to the of” 

therefore alſo whole arigle. 
F | 

ADC; is the meaſure of the angle A B Gy. 

| 2s wasTo bo ns Hangs is folk A | 


| (30) 
S&.Þ Jf rhe fide of a plain Triangle in- 
| feribed in a circle be Ss the an- 
- gle opp>lire to that ſideis a right angle, 
; Sar is, 90.degrees; for thar it is oppolite 
. toa ſemicircle, which is 1 $0 degrees, 
2. If divers right lined triapgles be in- 
_ Frribed inthe ſame ſegment of acircle up- 
on one; baſe; the argues.) Ig 
Qrence fire equa], As the cwotrian 
; and AC DÞD being inſcribedin. the ſame ſeg- 
meut of the circle ABCD, upon the fame 
& baſe AD are cquiangled in the poines B 
ling in the cjrcuraference.. For 
ppoſite re both thoſe 


ame ſegment of « circle, ” 


1%, $5974, ibe_ right angled figure made of 

Do: the Dicgorak, & equal to the right a»- 

"yi £4, $145 made of the oppoſite fides 

AF ex Fogetber, 

2$$L& AB D and ACD be to triangles? 
= | in- 


- % = 


's 


pon | 

1 ay, that cherighe angled hpuri 

the oppolir fides AB ind DC, 
+ BCandAl 


BA—_—_ 


, (32) 
ZE and DB Care equal by 
tion, and the auglc E B Dcom- 
" moni both, and the angles ADB&ECB3 
: wee equal becauſe che arch AB isthe double 
| aneaſure ofchemborh by the laſt aforegoing, 
han rha triangles ABD &E BC 
Are: led and there (ides pro portional 
"the 18$!h and 16th Theoremes, of. this | 
| ehapeer, charis, asB D 40 DA,ſo iszBCeo 
 CE,and e alſo the refanghes of BD 
inCE is equal to the reQangle of D Ain 
gens 19th hereof, 
ce che angles DBCandA BE 
whe propoſition, and the angles 


As _ +4. &4 co. £©©& amm aa 


16S 0nd 16 Kkroremes of this 
| Gar Bas BD tro DCloisAB to 
AE and therefore alſo the retanpglc of B D 
ImAE js cqual ro the reKangle of DC in AB,” 


_ 


ſo 
Y  — Fu 


= 


F.. 


h was 
to ACm AB, his 
in AFais _ 


i deprored; 


y- 
To 


engles. of the one equal rorbe 


jo 
; of SE 


ues © B & B H inthe one arc cqual,to. 

ZE E Fin the other and the angle C BH 

ial wrhe DE F, therefore CH in 

Teg =o tray for if the r] 
Leg then the baſe C F from. h 


B T 


 CGequiltyDP andilerthers be drawne. 
the tight line-B G,nowif B © and. B Gbe. 
equal SDF ond EF 

| be cqual to Wy wy 


| to the argle 


equal fuer, bath bit 

che one fo the ather; 

Lerthe fides A Band: TA 
ABC beequal and” pre 

fo thar FD may be Io | 
the lines BE, fo 
fides 4Dand AC in the 1 DAC 
arc equaleo the ewo fides AE and AV it 


; equal, which wasto be proved, 


36- Thear, If the Rediac bf « circk bedi- 


LL 
% 
,” 
l 
. 


co $a 4.3 $3 45 4 as 
much as the arch A.G is the double meaſure 
of the angle D A G,And becauſc the fides 
AD and D Gare equal, therefore the an- 
gles f GD and DAG are equil by the laſt. 
aforegoing, Vu either of the angles. 


by 9.13 42 UL Furf7d 


pdt is faus 


CO 


anglesEGD orE GA hal xt rr of ther 
be cqual ro ng! ET Aeoiote | 
* A ' e F PR J 
| > 794g: 
1'4 


ſ" "5. x. 


Theſe foundations being” aid 
praceed ro the ma of the 
by any triangle may 


BP; 17 101 2 


Chip, TIES 
Trigonomerria , #7 1#ht ect” 
rezaHgbe =_— Rs 


» 


> «2 


= . 
v3 


- - 
* eo 
- 
«< 1 
- 
* 
. +4 : L 


21. to: cd 4 


s *® . 
4 ” - bo. pe a , 
, nt S--ax5 * - hes Z 
| H % | 


"*. eye Pn of all che parrs 


| of a. cannothbe ccr- 


; © a of circles by which: 


- ue triangles, and” Spheri- 


les, alſo che fides are ured): 
Ne oe Fight tines, becauſe rel 
arches one ro another, or of 


| an arch tos por lihe, is not as yer found 
| ou, 


er kncgetenk ap circle are afrer- 


right lines by defining. 
| he lines ctochem. 
applied hare, in = Ragius, or che 


es cw coined 


Tag, tones, 
-"'F ACherd or Subrenſe in- 
| —_ is a cight line in 


man wholc 


| ( 3») 
ſegments, as rhe lineGD; and is afth 
commonly rh. yon ends = 

& A ſubrenſe nor the greateſt, is char 
which dividerh = whole circle into rwo 
unequal ſfepments : and ſo on the one fide 
{ſubrendeth an ly lefs then 2 ſermicircle 3 
and en the other fide ſubrendeth an arch 
morethen a femicircle, asche right line C K 
on the one fide ſubtendeth the arch C DK, 
lcfle then « ſemicixcle; and on the other 
fide ſubrenderh the arch CGK more then a 


whence {io maniſel, char oþ 
an arch lefſe then a 


| (4:2) 

we.eake rhe acure angle CB A, rhe cony 
" ment thereof to 180; and fo our Canonef 
fines doth never exceed 3 quadrant or ge 


1 A» W922 


me 4 wo a = 


6) | 
thearch CD, and A G the yerſed Sing, : 
he arch CE G; therefore of Td Jars 


fome are greater, and ſome ate lefſe,  _ 

13, A groarcr vrais is the yerſed 
Sine of an arch greater a Quadra, 
AG is the verſed Ce 
CEG greaterthen a | 


14, 4 I:fler verſcd is the ey 
Sine of an arch ledſe then a drivt, as 
AD is the verſed fine of the CD 


o (44) | 
ofthe complement is equa! ro the Raf 
as the lefler verſed fine A D wirh & 
fine of the complement AB is equal? 
che Radius B D; therefore if you ſubſradi 
the right fine of the complement A B fro 
che Radius BD, the remainder is the ver: 
fed fine AD. 

9. The grearer verfcd fine is equalt 
the Radius added ro rhe right fine of the 


RET, 


| 


_—_ 
« proportional parts 00 ny 


root multiplied in ic felf wi ; 
he number from-whence g was taken, with-. 
out ſome fraion ſtill zemaining co. ir, and. 
therefore the Tables of Sines, Tanggnty,, 
and Secanes cannar be exaRly made by any 


meanes z and yet ſuch may and ought to be. 
made, Mama no number is diffcrenefrom. | 


the truth integer of thoſe pares,where- 
of the Ra VIS 4 as if the Radius be 
raken of _— no nanmber-of cheſe: 


Tables ought from the rruch 
oF anne _—_ Ohlins 


TS IEEIES 


eh Relbofrcko of 


the ſk 
Awad the 
ante Ra upd thee 
orten millions, I aalde ci 
andThen myRadies ae ape noe | 


This done, you muſt nexr finde outthe 

Sines of all the arches lefle thena 

Ehathan, in the ſame parrs as rhe Radi- 

yu of, Tommgrmcrch © ir be, 

an thoſe right Sinez the Tangeems 
and ſecanes nuſtbe faund om , 

23; The Sinex in making of the 
Yablcs arc cicher primary: or ſecondary, 
The primatic Sincs ate rhoſe, by which che 
reſt are fours, And thus the 5 oe ths ot 


es 
Ae of "fix * IN 


a 
2 
c 
. 
1 
t 
| 
; 

| 

| 


ACBare 126, ,by the" i8 of the ſecond, 
andare alſo equal, berzuſe the fraes f#C 


and A B which are oppoſite unto 
equal, for they are rw” 3 ® 
work, and thereſdr# 


2" : 


are bo parts 


"dts, —_— - J 
-&#" i fa 
: & . 


- q ; M 
> rhe halſe of3he ſubranſe beingche meaſur' 


angle" ar the cirmumference | 
therefore <b wfngnd Ke 
; VE 
ma, ay ng The of 
zo degrtes will be the one half thereof, to 
wit, | 


22, The other primary fines are the 
fines of 60, 45, 36, and of 18 degreen, 
being rhe halfe of the ſubrenſes of 110, go, 
72, and of 36 degrees, 

,- 23, The fabtenſe of 1106 degrees is the 
fide of an triangle mſcribed in 
a cirele, and may chus be found. 

\-% "The Rule, 

' *  SubſtraQt rhe Square of the lubrenſe of 

arc root of what remaineth it 

: aianglc inſcribed 


Av a © © TB » 


And thesfere the Gdes including "HE f 
20plc are equal in power coche third | 
by the Ig of the Therefore the = 
ſquare of A B being caken from che 
of C B, there remainerh che ſquare i 
whoſc ſquar root is the ſubgenſe of 


greesor che fide of an cquilateral griangle 
inſcribed ig acuclc, 


Example, ; 

Let the diamezer C B be 1000.9009%. 
0092,090c, the ſquare thereof is 490000, 
00009,80000.90000,00000,00000 The 
— of A B is 100c00,00000,00000, 
The ſquare thercof is 100000,00009,00000, 
00090,90000,00000, which being ſubſtra®” 

[D] 


(50) 


e£dfrom the ſquare of C B, the remainder is 
| £50000. 00000,00000,00000,00000,00000 , 
whoſe ſquare root 193205 ,o8075 68877, ; 
the ſubtenle of 1 20 degrees, 
; CONSE(CGT ART, 
Hence ut followeth, that the ſubrenſe of 
;--anarch leſſc then a Semicircle being given, 
'/ theſubrenſe of the complement of that 
aich ro a Semicirc e is alſo given. | 
24, The Subtenſe of go degrees is the | 
ſide of a ſquare inſcribed in a circle, and 
ay thus be found, | 


N 
The Rule, 


Mulriply the diameter in itſelf, and whe 
= ſquare 


(51) 


ſquare root of half che produRt is the ſub- 
tenie of yo degrees, or the ide of a fquare 
inſccibed in a cucle, Rs” 

The reaſon of this Ri!2, 

The diagonal lines of a ſquare inſcribed 
ig acircle are two diameters, and the r;ghr N 
angled figure made of the diagonals ise- 
qual to the right angled figures made of rhe 
oppulite ſides, by the 20th, of the ſecond, 
now bccauſe the diagonal lines A B and 
C D areequal, it is all once, whether L mul- 
tiply A C by it ſelf, or by the other diagonal 
CD, the p odut will be ſtil] che ſame, rhen 
becauſe the fides AB, AC,-and BC &v 
make a iight angled triangle, right angled 
a: C, by the iyrh of the ſccond, & thatthe 
1:5 4C and UB are qual by the work, - 
tac h2]t of the ſquare of 4 B muſt needs 
be the {quareof .4AC or C B, by the 17th. 
ot the feeandy whole {quareoot £5 the ſub- 
tenſe f CB, the fide of a ſquare orgo de» 


IICED y 


FEramvle, 

Let the diamerer 4 B be 200000,90070s 
00000, the {quare rhereof is 420030,” 0900s 
£0000,00000,20900,900000, the halt wacre- 
of is 20 00c00, 00200,00900., © 0COO. 
20095, who ſquare root 141421, 3563+ 
72095, is the ſubrenſe of go degrees, 0x the 
| Ds fs + 


(52) 
fide of a ſquare inſcribed in a Circle, 
© BF, The ſubrenſe of 36 degrees is the ſidg | 
/\ of a decangle, and may thus be found, | 


The Rule, 


Divide the Radius by ewo, then mulri 
the Radius by ir ſelf, and the half chere- 
of by ir ſelf, and from the ſquare root of 
the ſumme of theſe rwo produRs ſubftrat 
the balf of Radius, what remainegh is the 
Ade of a decanglc, or the ſubrenſe of 36 
recs, 


The reaſon of the rule, 


In the following Diagram, IetE B repre- 
'Fenr the Radius of a circle on which draw 


) \ 


K- B H #@G 


ths ſquare E ©, then is GB equal coE B, 
Y Oi, wht 


Fg 


..v 
\ 


- "- 


(53) 
which being biſeed in the point H draw the' * 
line H E, then continue the ſegment H Br& 
K, making H K equal ro HE and upon the 
Ene K B mike the ſquare B D, then the Ra» 
dius EB is divided into extreame and mearie 
proport.on by the rqth of the ſecond,and the _ 
greater ſegment M B is the (ide of a decangle | 
by the 25 ofthe fecond, and KB is equal 
thereunto; now then becauſe the Radius E B 
and the half Radius HB with the right 
line HE, do make the right angled triangle” 
E B Hrighranpled arB, by the 2116, of the 
ficſt, an rem. the ſquares of EB and 
BH are rogerher equal to the ſquare of HE + 
6r HK, by the 19th, of the ſecond; wow if 
from the ſquare reot of the ſquare of HE, 
that is from thit fide HE or H K you dedu?. 
the fide H B, the rentraineris K'B the fide of 
a decangle, 


For example. | 
Let the Radius EB be 100000 ,00000,00008 
then is BH, "_ half n_— 5$O00De, ... 
#9000,00000, the ſquare of EB is 1 
00000 ,00000,00000,9 0000,00000, bog yrs 
ſquare of B H z50000,00000,00000,00000, * | 
00000.00050,00000, The ſurume of theſe 
two ſquares, wiz 125000,00000,00000,” 
$0000,00000. £000, 4s the ſquare of m_ 


(54) 


er H K, whoſe ſquare root is 11180235 89- 
749895, trom which dedu@t the halte Radi- 
us B H 5:0000000000000, and there re- 
maineth 61803 3988749895, the right line 
' KB, which is the fide of a decangle, or 
* . the ſubrenſe of 3 6 degrees. 

26 The ſubrenle of 72 degrees 1s the fide 
of a Pentagun infcribed ina circle, and 
may thus be found. 


The Rule, 
_« SubſtraQ the fide of a deeangle fromthe 
diamercr, the remainer mult;plied by the 
-Radnms hall be the ſquare of one fide of a 
"Pentagon, whoſe ſquare root ſhall be the 
$de ur iclf, or ſubrenſe of 52 degrees, 
. The Reaſon of the Rule. 

In the. following Diagram let AC be ths 
Ade of a'dccangle, equalto C X inthe di- 
amcter, and ler the reſt: of the ſemicircle 
be bifſeAed m the point E, then ſhall either 
of ther.ght lin:s AE or E B repreſent the L 
fide of ancquilateral pentagon, for AC the 
hde of a decangle ſubtends an arch of 36 W. 
\. degrees the tenth part of a circle, and 

therefore AE B the rcmaining arch of a ſc- 

micircle is 144 degrees, the half wherevf 

ABorEB is 72 degrees, the fift pact of & 

eacle, or fide of an cquilateral pcntagen, 

” rhe. 


OY 
* 


(55) s 


the ſquare whereof is equal tothe oblong 
made of DBand BX, | 


4». 


CUL—— B 
* 1 


Demonſtration. 


Draw the _- lines E X,E D, and wn 

" then will the fides of the angles A C'E and' 
> ECXbecqual, becauſe C X is made equal 
> to AC, and EC commonto both ; and the 
» x angles themſclyes are equal, becauſe they 
\. arcin cqual ſegments of rhe fame circle by 
the 190f Hhadecend; and their baſes AB 

YL andEX arc cqual by the 23 of the ſecond; 
T and becauſe E X is equalto AE, its alſa 
4 equalroE B, and ſo the triangle EX B is 
3 equicrural, and fo is the rriangic E DB, be7 
eauſethe fides E D and DB are Radii, and 

the angles at their baſes X and B, E and By 
by the 24th, of the ſ:cond, and becaufeabs 
angles ay B is commun to both, therefore: 
D'4+ - the 


(56) 
die rwo frianpſes, EXBand EDB are «- 
quiangles, and their fades proportional, by 
che 1 th, and 16:b, Theeremes of the {c- 
cond Chapter, that is az DBroEB; ſo is 
EB © BX, and the xeangte of DBin BX 
is equal © the ſquare of E B,whoſe ſquare 
roovis the fade E B, of fabtcnfe of 32 de- 


gee, 


C 


X09 [I 


Ezony le, 


Ler A C, the fide ofa decangle or the 
| e of 56 degrees, be as before; 
' 6180339749895, which bring fubſtra- 

6d from: the dianrerer B C 260000,00000, 
woo. rhe retainer is XB, r5E1g66011- -/ 
x ft 105, Which being mnltiplied by the Ra- 
dius DB, the produ& r33rg660rtt5rnoF 
$0000,00000,0000, ſhall be the ſquare of 


b B whoſe lquazs root I75ſJogogsV4o 46 
= 


- A—_— 


4 q 
. 


k the right lineEB, thi fide of a Peatagey” : 
or ſubrenſc of 72 degrees, | 


4 


Henre ir followes, thar the fubtenſe of 


21 arch lefſe then a ſemicircle being given, » 
the ſubrenſe of Ialf the eccmiplement to «+ | 


ſemicircle is given alſo, 
Thus _— of the primarie Sines, the - 


CONSECTARY, 


ſecondarySines or all the Sines remaining - 
may be found by theſc andthe Propoſtions 
following 


27, The: ſubrenſes of any rwo arches" 
fogerher lefle then a:ſemucuclebeinggiven; 
t0 tinde the ſubrenſe of borh thoſe arches, 


Finde the ſubrenfe of their complements* 
to a ſemicircle, by the 23 hereof ; then mul- | 
tiply each ſubreaſe given'by rhe ſubrenſe of 
the complement of the orher ſubrenſe given, 
the ſum of borh rhe produdts being divided® 
dy the diameter, ſhall be rhe firdreaſe of 


doth ihe arches given, 


D- 5 Tre 


W 


G8). 


The reaſon of the Rule, 


F + - 


Letthe ſubtenſcs of the given arches be 
thc rightlines AE and Al, and ler the fub- 
_renfe of both thoſe arches be the right line 
E 1, Ietthe diameter A O be drawn to the 


I 


' very point Mm which the ſubtenſes of the 
given arches do concurre, to wit, in the 
point A, Then draw the right lines E O and” 
i O., which with the diameter and rhe 
lubrenſcs given, do make the two right an- 
gled Triangles AE O and A1 ©, right an- 
wed atE and 1 (by the 191þ, of the —_— 


FI WLTTE 7 outadts ded - 


(59) _  _ 
And cherefore the ſides EO and I O ate” 

given by the 23 hereof, and conſequently. 
the right angled figures made of A E and 
lO, Aland EO, to which the right angled: 
figure made of the diagonals El and AO'} 
is cqual by the 20th, of the ſecond, aud 

therefore the ſumme ot the right angled b- 
gures made of 4A E andl1 O, andalfoof AI 

and EO, being divided by the diameter | 
AO, the quotient is E 1, the ſubtenſe of 
both the arches given, 


Example. 


Let AI, the fide of a ſquare or ſubrenſe 
of. 99 degrecs be 141421.35623 73059. And 
E O; the fide of a triangle, or ſubtenſe .0o | 
120 degrees, 173205 .c307 5.68577, the prop 
du ot wheſc two will be 24494897 4278- 
3:77659465$44164315, Let AE, the (ide 
of a ſixangled figure, or the ſubrenſe of 6d * 
degrees be 105000 00000,00000,And I O, 
the ſide of a ſquare , or fubrenſe of go de- 
grecs 141421.35623.7;3059 the product 
of theſe rwo will be 141421,35623.7305 9» " 
00000,00000,00000. the {umme of _ | 
two produdts 3863703305 15627265 946550 
—_— And chi ſumme divided by the 


diamxtes - A O, 200000,00000100c00, al 


TY 


(60) 

yerk in the querient for the fide E [,or fub- 

tenſe of 150 degrees, 1931851652578136, 

- the half wherevt 9659258262 $9068, is the 
| Sane of 75 degrees. 


x$ The fubrenfes of any two arches lefſe 
then a Semicirelc being given, tofinde the 
fubrenſc of the difference of thoſe aroh- 


The Rule. 


Finde che fubrenſes 6f their complements 
& a ſemicircle, bythe 23. hereof, as betore; 
then mukiply eacly fubtenſe given, by the 
Tubenſe of the complement of the other 
-lubrenſe given; the leſſer produR being 
fubfiraced from the greater, and their dif- 
ference divided by the diameter, ſhall be 
the ſubtenſe of the difference of the agoh- 
e5 givcn, 


The Reafow of the Rule, 


Eerthe ſubrenſes of the given arches be 
AEandeFX, and ler the ſubrenſe ſoughrbe 
che righe line E 1; chen- becauſe rhe. righr: 
angled Ggure made of the diagonals. A I 
- andEQ is£qual to the right apgled _ 
puads 


(61) 
wade of cheir oppoſite fides, by the 20'of 
the ſecond ; therefere iff I fubſtra& rhe 
right angled figure made of AE andi O,: 
from the right angled figure made of Al and 
E O the remainer will be the right angled 
fgure of A O and E 1, which being divided- 
by the diameter AO, leaycrh in the quo» 
rent E F, EF L - 


E O be the ſame with the former, wy 
2449489741783197659465344164315, 400 
the cient angled Game of AE and 1 © 
1414213562373059, 00000, 00000, 00D0®@, 
"Their difference ſhall be 1035 2761804100- 
| 826594658441 64315, which divided by the 
dprier 4 ©, traveb io the quonent 


" $IF2 


(62) 
$17638090205041, for the ſubtenſe of the 
difference of the arches of 60 and go, that 
is, for the ſubrenſe of 3o degiees, The 
half whercof, viz, 258819045102530, 1s 
the fine of 15 degrees 


ry 1 © 4A. TT 4a 


29, The fine of an atch leſlie then a 

. Quadrant being given , together with the 

N fine of half his complement , to finde the 

fine of an arch cqual co he commplement 

of the arch given, and the halt complc- 
ment added together, 


The Rule, 


Multiply the double of the fine given, 
by the fine of halt his complemems, the 
produtt-divided by the Radius, will leavc 
in che quotient, a number, whicſi being ad- 
ded ro the fine of the half complement 
ſhall be che fine of the arch ſought, 


* Thereaſon of the Rule, 


Let-E AI bea quadrant, and in that let YV 
the arches I S, SV,VE beequal, ther 
ler the lat arch VE be biſeRedin Y, and 
let the Quadrant be made into a Semicir- 
cle, andthe arches O C » © bn LE, equall 

| ro 


— 


f 


=—_ 


(63) 


to the former ; then ſha} the right lines- 
LVand CS be paiailcly to the diameter 
OAI1, and bileQted by the Radius AE, and- 
becauſe YV is half of the arch EV, it is 
alſo the half of the arch V Sor SI, and 
equal tothe arches 1B , C G, or GO, Then 
let there be drawn the right lines EV, L S, 
C 1, and GB, perpendicular to the Radius - 
AY, and biſe&ed by ir. | ſay, then that che 
Wy 


q 
T, F. 
"—_ - $ 
Ns E - 
= ee, —_ ; 
A. 0c. dz 


right angled triangles I AM, CPM, and* 
SPN are equiangled, for the arches C O, - 
CL, andS1 arc cqual, by the work, and, 
the double meaſures of rhEangles AIM, - 
PCM, and PSN, andtheangles AMI” 
CMP, and P NS are <quall, thar is, right © | 
angles, becauſc the right line A Y doth fall- : 


' perpendicularly upon the parallel right 
liacs - 


(64) 
fines L SandC 1, and now where tiro a4 

les are equal, there the third is equall,by 
Gie 181 18d, | ofihs ſecond ; und conſequently 
rhe fides of the triangles 1 4M, CPM;ant 
SP N-are proportional, 


Thar is, as AT, is to A M: foisCP, to 
PM; and fois PS, to P N, and then by 
Tu fition, as .A1, .AM: fois CS, to 
Now then let E Sbe the arch given, 

= $1 the complement thereof ro a Qua- 
dianr, thenis CGorlB, being equalto 
E Y, the halfof the ſaid complement SI, 
2nd AM isthe Sine thereof, and the Sior 
| of E Sis the right line HS, 2nd the doublc 
CS, M Nis the difference berween 4 M; 
the Sine of C Gor I B, and A Nthe Sine 
15Þ,and 4 Liethe Radius and i is al- 


ready. 


(65) 
ready proved, that A 1 is in ptoporton t6 
EC S, isto M Ny bars if you {A 
muliply AM by SC, and divide rhe pro- 
dua by A 1, the quotient will be N M;,. 
which being added to 4 M, doth make 
AN, the Sine or the arch ſought, 


, 8xample. 


Let ES, the arch given, be 84 degrees, 
and the Sine thereof 9945219 , which 
doubled is 19890438 , the Sine of 3 de- 
grees , the halfe complement is 53360, 
by which the doable Sine of 84 degrees be- 
ing multiplied, the will be 10409$- 
(9.631680, which dividedby the Ridius, 
the quotient will be 1040985 9, from whicts 
alſo cutting off rhe laſt , becauſe che 
Sine of 3 degrees was at fiſt taken too- 
little, and adding che remainer to the 
Line of 3 , the are 156434f 
is the Sine of 8 degrees, = complement of 
$4, and of 3 degrees, the halfe comple- 
went added rogerher,thatis, ir is the fine 
of g degrees, 


30. The ſubrenfe of an arch being g# 
ren, to fad thy ſubrenſe ©f tbe rriple 


Arc 
py, 


(66) 
The Rule, AR 


—  Mutiplythe ſubrenſe given by thrice Re © 
A dius ſquare, and from th: produtt ſubira& WM Re 
the cube of the ſubrenſe g;ven,what remain- Wh 12. 
eth ſhall be rhe ſubgenſe of the triple aich, 


Arvided b ad..f, 4A PE. pl 
The reaſon of the Kiule, . P 

| th 

If in a circumference you diſtinguiſh three MW 8g 


equall parts from O the end of the Diame- 
ter, with rhe letters AZ C and diaw the ſub- 
tenſes as in the ſche2:ac, making M X <qual 
PLito MB. drawingalſo AX and AB andthe 
diamererN RA, then ſhall the trianglcs 
BMX-and AR O be cquicrurall becaujc RA 
and RO are two Radii, and MB and MX 
are cqual by the warke, and the aug'cs 
BMXandARO arc cq ual by the 19/7 of 
the fecond ; and therctore the triangles 
BMX andARO arecquianglcd by the 33 
of the ſecond, and becaulc the fides MB and 
MX are <q ual and A M common to both the 
triargles a MBand AM X,thcrefore AX is 
equaltoAB by the 24th of the ſecond, and 
AB is equalto AO byche work, and therce- 
fore A X-is alſo cquai ro A@and the angles 
AXOandAO X aic <qual by the 24th of 
the 


-—_ 


(67) 
the ſecond , and the riang'es AO XN and 
ARO are |.kc, becauſe theangl-AOR is 
common to both & ther'o e as AR xo AO, fo 
1 AOroO X;thar is F O iquare divided by 
Radii's, is equal ro O X and O Sis equal 
to A Oand OX to A S,becauſe the triangles 
AOXand AO S are cquiangled, the an- 

els SAO andAQ X are <qual becauſe 

they are the ſame with two of the angles in 

the cqui»ngleu tr angle A R O; and the an- 
'W gics AO'Sand X AO are <qua), becauſe 


I—_ - 
= . 


they are meaſured by equal arches , for 
AC the double of AO, is the double mea- 
ſure of the angle A O S, by the ninercenth 
of. the ſecond, and AO is the R_—_ _ | 


3 


(68) 

AR © equalroX AO, becauſe the triak 
les AROandAO XK arc like, And then 
ſe ASisequal ro O'X,S N muſt need; 
beequaltoM X or MB, and the right anp- 
fed figure made of O'S and SC, is equal 
rothe right angled figure made of AS and 
SN, by the z17b. of the ſecond, that is, as 

O$S,toNS, fois SAtoSC, 


f" Now then we have already pon chat 
| the ſquare of 4 O divided by Radius, is e- 

| ,- qualtoOX,andalſstharOX is equal to 
S A,and therefore SN is leſs then uwice 
Radius by the right line F'S; or thus, N'S 
orice Radius lefs by 4 O ſanare __ 


(69) 
byRadius: and N S multiplied by SAW 
the ſame with twice Radius lefſle by AO 
ſquare divided by Radius, multi lied into 
AO {quare divided by Radius,an NS mul- 
tiplicd by S 4 is equalzo SC —___—_ by 
OS; and therefore twice Radius eſs 40 
ſquare divided by Rad, multiplied by A 
ſquare divided by Radius, is equal to 5 C 

multiplied by S O : or thus, 2 Radius leſs 
A 0 {quare divided by Radius, multiplied 
into 4 O ſquare divided by Radius, and di- 
vided by AOorSO is equal to SC, A 
the parts of the firſt fide of this Equation 
arc fra&ions, except A O and the two Ra- 
dii,as will plainly appear,by ſerxing itdown 
according tothe form of Symbolical ex {pe- 


cious Arithmexick ; vhus, 


aA0a ABAMOas.... 
me” Ree, "—_ TY 
=SC, Which being reduced into &ﬆ im 
proper fra&ion, by multiplying 2 Radius by 
Radius, the Equarion will rug thus ; 
2 Rad,aa-- AQ as0 AO0Oa4 . 
es". 2d. — » Vs divided by 
AOQZSC, 
And then theſe two fraRions having one 
common denominator, they may be 4 
»C 


70) 
xd into one aſter the manner of vulgu 
FraRions, that is, by multiplying the nume- 
rators, the produft will be a new numert 
tor, and by malciplying the denominator 
the produRt will be a new denom:narar; thu 
multiplying the rumeratoers, 2 Rad, 44 
»-=A O 414 by the niym-rator AO aa, the 

roduRt is 2 Rad, ſquare into A O (quare, 
I AO fq are ſquare, as doth appear by 
the opctat.on z 


2 Rad.aa-- AO aa 
A Q aa % 


——— ———— —— 


z Rad,ua » A 1) aa-- A U 1644 


And ep ce denominators being mulci- 
plicd, by the other, that is, Radius being 
mult plied by Rad.us, the prudu will be 
Radius x4 tor a new denom nator, and then 
the Equation w:ll run thus; 


2 Rad, can 40aa--. 
— — IT a 


Radius a a 
by AO0Z=SC : bur b:fore this fraRion can 
be divided by AO, 40 being a whole 
number, muſt be reduced into an improper 
fraction, by ſubſcrib.ng anUaitc, and then 
the Equation will be ; 


2 Rad. 


= TT YP &A 


71 "Me 
: $23 


2Rad,94 « AO a4-- AOaang divided by 


Rau,4d 
AO 


— T5 C, Now as in vulgarfraC ions, if 


l 

yo": multiply che numerator of the dividend 
by the denominatos of the diviſor, the pro- 
du& ſhall be a new numerator; again, if 
you mult:ply the denominator of the divi- 
dend by the numertor of the diviſor, their 
product thall be a new denominatur, and 
this new fraQtion is the Quotient ſought * 
in this cxin p'e, the numecator will be ſtill 
th- [:me, and the denominator will be Ra- 
duus ſquare mu't.pliced nA O, and the fra- 
Q1o. will be (IN 

2 Rid,aa « AO a4--AO aaaa 


—Wd EEE And in its 
lIcaſtrermes it is 
2 Rad, aa *» AO--AO aaa 
— ———— =$C, In words 


Rad aa 
thu- ; Twice Radius ſquare m: Jriplied in 
AO, leflc by'the cube of AO divided by 
R 1ius iquare is «qual to SC. And by ad- 
dirg AO to both (id-s of the Fquation, it 
w.ilbe, ewice Radius ſquare' in AO, lefle 
AO cube divided by Radius ſquare , more 
AO, iscqualto SC more AO, that *C © 


(77) 
GC, Here again AO, the laſt part of && 
farſt fide of chisEquarion is a whole nu 
ber, and muſt be reduced into an im 
fraQion, by being multiplied by Radiu 
ſquare, the denominator of the fraction; 
and then x will be Radius ſquarein 4 Od: 
vided by Radius ſquare, which being added 
£0 twice Radius ſquare in 4 O, divided by 
Radins, the ſumme will be 3 Radius ſquare 
in 4 Q divided by Radius ſquare, and the 
whole Equation 

3Rad..a « 40--4 O aaa 


Rad.ca 
genſe of the rriple arch, 
For Example, 

Ler A Qor AB, 17431.1485 4.95316, the 
ſubrenſe of 10 o_ be the ſubcenſe gr 
ven, end letthe {ubeenſe of 30 degrees be 
required ; the Radius of chis ſubrenſe gives 
canfifts of 16 places, thar is, of a unite and 
15 ciphers, and therefore chrice Rad. ſquare 
ls z, and 30 ciphers thereunto annexed, by 
. which if you mnlciply the ſubrenſe given, 
the produt will be $2293,44564.$5948- 
the ſquare of this ſubrcnſe given is 30334 
09397-55837 6025 3,85793.9856 , and rhe 
eube 52.9,63662.$0907,48519.77452.00270. 
$3994-54977.14496, which being pag 
ſg 


=O C, the ſub- 


nn 1,nmw oa - 


a + Aa #*# ww ra 


(3) 
from the former produR, there will cemain 
$1763. $0902. tg he: 22547. 99739, 
76005 45022 $5504. this remainer 

ded by the ſquare of Radius, will leave in 
the quotient , $1763 B0g02 .05040.forthe 
ſubrenſe of 30 degrees. | 


31, The ſubrenſe of an arch being given, 
ro finde the ſubrenſe of the third part G7 
the arch given. * bays of 


The Rule, 


Mulriply the ſubrenſe given by Radius 
ſquare, and dividethe produ& by thrice 
Radius ſquare, ſubſtraging in every Qpe- 
ration the cube of the figure placed in the 

quotient from the triple thereof z, {o ſhall 
the e quotient in this diviſion be the ſubzenſs = 
of the third part of the arch given. - , * 


The reaſon of the Rule. 


The reaſon of the rule is the ſame. with 
che rriple arch, byz he manner of working 
yi more croubleſome, the which Math © en 

ovour to explain by cxampic. _— 

Let there by aha fabrenſe of zode»- * 
ons $ rp cglogenogotns ns and ler. the ſub- 
tenſe of 10 degrees be required : Firſt, 


—_y the { coſe given by "I 


: 


(1m) 


bf Radius, thar is, I adde 30 ciphers haik 
unto, and for the 'berrer eding i in the 
work, | diſtinguiſh the ſibeenle iven thus 
inlarged by mulriplication ingo | We cubes, 
_ point between every third 6gure 
or cipher, beginning with the laſt fit, and 
then the ſubrtenſe given will ſtand thus; 
(17, 638,090.20 5,040, 000,000,0C0,” 0000 
080,500,600,500,000, Ard ſo many pou 
as in this manner are interpoſed, of ſoma- 
ny laces the quorieng wil confilt, the which 
berg leis 15, and becauſe here are 
coo tpany his res to be placed in ſo narroy 
a page, we willrxake ſo many of them one- 
ly as will be! neceſſary NE ls our Ag eſenr py 
poſe ; as namely, the 175 fitſt figures, which 
+ ordejed; accordin to the rules ofde- 
Arithinet: tk, may beUtvided into fit- 
tle cubes, beginning with the "firſt figure, 
but then. you 'muſt oo has whether the 
mber g:ycn to be ghus divided be a whole 
Tut et of a fraQion, if it be a whale num- 
ber, you mult {fr your pb; pb:nr after or out 
ic kek d of rhe 72 figure, if ir be a fra 
en, place as may ciphers befof& the fra* 
Qian given, as will make it confiſt of equal 
places with the 'denominaror of the Fra* 
tion given; 3 thus rhe ſubrenſe given bc; 


a a frat: ON, - part of the fuppo ed Rad: = 


a”. oy @ _ &X ow wy oa os tea @ an mmm cc «© om .cz 


(75) 
of acircle, the which, as hath been ſaid. 
doth conſiſt of 16, and rhe ſubrenſe given 
bur of fifteen, I ſer a cipher before it, and 
diſtinguiſh that cipher from the ſubrenſe 
given by a pointor line, and every third 6- 
gure after, ſo will the ſubrenſe given be di- 
ſtinguiſhed into lirrle cubes, as before, This 
done, 1 place my diviſor thrice Rady 
ſquare, thar is, 3 with ciphers (or art leaſt 
ſuppoling ciphers ro be thexeunto annexed) 
as in common diyifion under the firſt 6- 
pure of the ſubrenſe given, that is, as we 
ave now ordered it under the cipher, and 
ask how often 3 in noughr, which being 
not once,1 put a cipher inthe mgrgine, 
moye my diyiſor a place Ereirag ne Jt tn: + 
irupder , and askhow often 3 In 5, which, 
being bur once, 1 place one in oe a armges 
and the triple rkereof being 3, I place un- 
der 3 my diviſor, and the cube of the figute 
placed in the quotient, which in this calc is: 
the ſame with the quoricnr it ſelf, Her un- 
der the laſt figure of the firſt cube, and ſup 
poling ciphers to be annexed to the trip 
roar, 1 ſubſtra&-rhis cube from ir , and 
there doth remain 299, which is my diviſor 
correfted ; with rhis therefore 1 ſce whe. 
ther I have rightly wrought Or not, by aSk-, 
ing, how often 299 is contained in t 
> 


(56). 
firſt cube of rhe ſubrenſe given, 517, which 
being bur once, as before, the former work 
muſt ſtand, & this diviſor correed muſt be 
ſubrraQed from the firſt cube inthe ſubtenſe 
given,and there will reſt 218,and ſo haveI 
wrote once,To this remainer ofthe firſt cube 
218,1 draw down 638,thefigures of the next 
- cube &.moving my diviſor a place forwar- 
der,l ask, how often 3 in 21, which _ 7 
rumes, I put 7 in the quotient, and under 
the firſt hgure of this ſecond cube, thar is, 
under 6 I ſer the triple ſquare of the firſt 
figure in the quotient, that is, 3, for the 
quotient being bur one, . the ſquare is no 
more, and the triple thereef is 3 ; under 
| + ſecond figure of this ſecond cube 1 ſer 
e triplequorient, the which in this exam- 
plc is hkewiſe 3, and both theſe added to- 
gerber, do make 33, which being ſubſtra- 
d from my diviſor 3000, there will te- 
main 2967, forthe diviſapcorre&ted, and 
by this alſo 1 finde the quotient to be 7, 
and yer I know not whether my work be 
right or nor, L,muſt therefore proceed, and 
ſer the triple of the figure laſt placed in the 
Quotient under the' firſt figure of rhe re- 
mainer of the firſt cube, that is, I muſt ſet 
21, the triple of 7 under 2, the firſt figure 
of 218, and now having-ewo figures in the 
wv. a quo- 


J 


7 
quotient, for diftin&ion ſake I call che firſt 
a, and the ſecond e, thar fo the merhod' of 
rhe work may the better be ſeen in the. 
margine, and | ſet 3 ae, rhat is, 3, the 
ſquare of rhe firſt figure noted with the ler- 
ter 4, ViR, 1, multiplied by the ſecond 6i- 
gure, noted with the Jerrer (e) to Wit, 7, 
under the firſt figure of the ncxr cube, now 
the ſquare of (a) that is, of one is"one, 
and the triple of this ſquare is 3, and 3 
times 7 1521, Which is (3440) or thrice 
(a) ſquare ine, the laſt figure whereof, ta 
wit, Mc, I place under 6, the firſt gure of 
. the nextcube 638 : 'nexr1 ſer (3 «2 that 


is, three times qne multiplied by che; fquarg > 
of 7,thar is, 3 aukripied by 49,which'is 14h. 
under the 2 figure of the. cube 638; and laſt- >? 
ly, 1 ſer(eee,rhar is)the-cube of e,thar is.the 
cube of 7, vix, 343, underthe laſt figure of ,& 
the cube 638, and theſe 3 ſums added toge- =: 
ther do make 393, which being ſubſtraſted 'V 
from the triple roor, that is,from 21 luppo- Q 
ſing ciphers to be thereunro annexed, as be= & 
ſore,there will remain 244g@,and becauſe & 
this may be ſubtraRed from the 3d. cube,& & 
the remainer of the firſt, | finde that 7 is thety) © 
eriſe figure co be placed in the quoricnr,and © * 
ſuch « ſubrraQion being made, the remain- 
er will be z2511, EN have I wrote _ 


3 


Th, 


(7) 
The work following muſt be done in. all 
thisgs, as this ſecond, ſave onely in this 
particular, thar both the fgures in the quo- 
tient are reckoned bur as one, which for 
ditin&ion ſake I called a, and the figure 
eo be found by divifion I called e, and 
therefore.in this third work 3 a a, or thrice 
# ſquare is the ſquare of 17, that is 289, 
a orthrice 4 is 3 times 17, that is, 51, and 
b. of the reſt, in - fourth work the three 
s muſt be called «, in the fifth 
nn the four firſt figures found, and f 
forward , till you have finiſhed your di- 
viſion, and therefore this ſecond manner 
, of wor well obſcrycd, there can 


- benodi in chat which followes. 
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i The ſubrenſe of ancarch being given 
finde the ſubtcule pf the arch quintuple, 
or og vcr five times as nnuch, 


The Rule, 
- Ba uQ of the ſubrenſe piven 
ed Lp Radius ſquarc _ 


ſabera the cube of the - 7: 9 uw 

5 times Radius quare, the ſqua- 
hs, qurdy the ſubcenſe g wen deing. frſt ad- 
ded rhereunto, the . === divided by 
Radius ſquare g en hall leave in the 
quotientthe-fubgenſe of che arch quint- 


ple, ac the archy's. tNes 2s: auch, 


The reaſon of the Rule. 
In the annexed Diagram, ewice ET more 
E Bis. cquall to O E, becauſe O E is the 
ſubrenſe of five equal! arches, by the work, 
andby letting fall the p-rptndicular C T, 
che Figitline'O T doch anfwer to three e- 
= 11 arches, AO, AR, and BC; and 
Fo ET doth dafecr to the other two? 
youdcdut the right ling C B from 
_ Nike line OT, the remainer muſt be c- 
quallroET, and To.itfollayes, tharzET 
+.CB-OE, And the triangles O BM 
and OCT are _ hacker 


equall angles CT O A 


(83) 
bech right, and rhe angles BMOK©OT | 
are equal”, becauſe are meaſured bry 
equal arches ; and therefare, asM O is%d 
MB: foisOC, toTO = thar is, as hah 
been ſhewed in rhe rriplication of an arl- 
gle, As twice Radius, is 'to twice Radi- 
us, leſſe by the ſquare AO divided by R#- 
dius 2: ſois thrice Radius ſquare In AO, lefs 
by the 'cabe of AO divided by Radius 


ſquare, to a fourth number by 
the right like O T, what tharmunber- is by 
the rule of proportion may. be thus fouh6+- 
I-- ——— | IT: 
IRALI, 5 
C-Þ TIE 
.M Pn; oe — 

if 7 J 

Mulcigiy the numeratss of the frafiow* 


in the ſecond: place by tbe numerator of 


| 


% 


N 
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'the fraftion inthe third, and their produ& 
will be a new numerator, rhe numerator of 
the fra&ion inthe ſecond term is 
| * ,- *  SRad, —-AOzne * 
And.inthethird, z Rad,aa « AO--. AOaat 
That-one of theſe termes may be the 
better multiplied by the other, the firſt of 
[the ſcrond term, z Rad, muſt be reduced 
anto an improper fraRion, by the mulripli» 
cation thereof by Radius, the denomina- 
tor of that fraftion, and tlien the 2d, term 
will be-2 Rad. az — A 04, and becauſe 
this ſecond term is the lefle, we will multi- 
ply the third thereby, the work ſtands thus:: 
3Rad. aa'u. AO—A Ouaa 
2 Rad,aa —AO:ag . 
6R.caaa » AO —2R.aa » A0aas 
$ —3R.aa » AO0aaa *þ AOaaauet 
6R.caaa n AO-- 5Race «. AQaan þ AO 
AAAAK, . CA Ad hm | 
Thrice Radius ſquare in A O multiplied 
by rwice Radius ſquare, doth makg 6 Rad. 
Iquare- ſquares, and AO cube mulriplied 
by 2 Radius ſquare is-2 Rad, ſquarcin AO 
cube, and becauſe ir hath the ſigne lefle, 
therefore the firſt produRt is 6 Rad, 44a: 
wAO.—2Rad.aa x AO a44, Apain, 


al 3R.as mAO; mulriplied by AO as, doth 
fl make 3Riac in AOca,0 AOne multiplied 


by. 


(857 - 
by AO144,doth make AO44444, & becauſe 
it hath the ſign leſs, therefore the z.produt 
is 4 R. ſquare » AOaaa ++ AOzazae, and 
{s both the produRts will be 6 Rad, ſquare 
of ſquares. multiplicd by AO. leſle by 5 
Rad, ſquare in A O cube more by AO 
ſquare cube, And if you ply Rad. 
ſquare, rhe denommaror of rhe rhird rerm 
by Rad, the denominator of the ſecond, | 
the produR will be Rad; cube, and the 
whoſe produc will ſtand thus, 
6R.aaaa » AO--5R.aa vAOaaanA0acame, 
= Radius a 4,4 

To givide this produ& by twice Radius, 
twice Radius being a whole number. muſt 
be firſt reduced ingo an improper fradtion, 
by ſubſcribing an unite rhus , . Ro 
then if you multiply rhe numerator of the 
9 yon the G—_— _ 

raction, produt Wi c p) 
and if you muſriply the denominater ofrhe 
produRt Rad.'aaa by 2 Radius, the nume- 
rator of this im fragion, tbe 


nominator, and the Quotient will Þ 
6R.1444 u AO--$R.aauA0acac+A04aaae 


2s 44d. 4 5 
>.Radius 44 & a 


Iz 
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ohie, « iry of zbe right line OT, the 

le whereof is 

; p23 Jaan A0yoRA45A Gaedtaþ Oar 
2 Rad,auaa 


which is the quantity of theright line OE 

more dy CB, and therefore C B or A 0 be- 

apt 8: the  reinainer' will be the 
a 


thine QE, which is the quintuplation 


n angle, agd to-this end AO muſt be 
reduced into an improper fraQion of the 


ſame denomination, that is, by multiply- 
ing thereof by 2 __ .4aac, and then the 

3 Rad.,aaaa wAO 
fradtion willbe. ——- Ar 6 Fwyrr) and tis 
ring dedudtc from 


1eRazaigA0: 15R at#A\0446 044k, 
z | Rad.aaae 


tic remainer will be 


z2R.2aaauA0-10R, arvAOkekfs KO rened, 
ps 3 Radaaka, 


And this reduced into-its Jeaft tepind, will de 
yR.xceen AO--(R.c0% A0aaof 4020646. 


SY a a << aa oh  +&4 


Rad auaa 


= C- which was bobe proved, 


Fu 


(#7) 

For exanple, Wo 5-) 

Let AQ or 4 B 349048, the. ſubrenſe of 

2 degrees be given, and Ict the ſubrenſe; of 

70 degrees be demanded, 5 times: Radius 

ſquare ſquare is 59000099,009000. ',00004 

00,0000990, by which if you nulciply rhe 

ſubrenſe given,the produQ will be $7452.40 
©000009.00890000,0000G000.00000CD0, 


Cube of the: ſubtenſe given multiplied by | 


5 times Radius ſquare 13 2126304 $37 8195 
2960.9000000,0000000, the ſquared _ 
of the ſubrenſe given is 51846392 4453249- 
2138536072.3968, rhe which being added 
to the produdt of 5 Rad a4 in A ©, thatiin, 
ro 2126 3045 3781992.960,0000000,0000008 
the ſumme will be 2126833001744109- 
21 385360723968,  andrthisbeing ſubtrat- 
ed from the produ& of the fabtenſe given 
multiplied by 5 rimes Radius ſquare ſquare, 
the remainer will be 1943 114196998255 97 
87 9078614539276032% And this .cemainer 

curring off ad pai eq es 

1743114, the. ſe of xodegrees. 
33. The ſubtenſe of- an. arch beingg'ven 
ro inde the ſubrenſe of the-fift part of the 
arch given. 1, | or "3 ho} 2: 13k 
400440, heAwls.: 3, 
| Dividethe Gabtenle giren by fare 


roms, 


A 


* 
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| Jefle 5 cubes, more one Quidrato cube, the 
huorient ſhall be the fift pact of the arch 
iven, 
; The reaſon of the rule depends upon the 
ing Probleme, in which we have pro- 
ved, thatthe ſubtenſe of five cquall arch- 
ez is equall ro 5 roots, lefle. 5. cubes, more 
by one quadrato cube, of. which 5 roors one 
of them wthe ſubrcnſe. of rhe fift part of 
the arch given, And: conſequently, if i 
ſhall divide the ſubtenſe of five equall ar- 
ches by 5 roots, lefle 5 cubes, more one 
aro cube, the quorieur ſhall be rhe 
c of the bfr of the apph. 
© The manner of che work 15 thus 2: Firſt, 
conſider whether the fi e given to be 
divided dotlrconfiſt of equal, or of fewer 
places then the Radius thereof, if it con- 
of equal places, ſct a point over the 
head of che firſt figure of the ſubrenſe gi- 
ven, if of fewer places; make it e: cn I 
prefoxmg asmany ciphers $ before u 
tenſe given as it wamerh of the number of 
places of the Radius thereof, 


F _ , For example,” 

|  Certhe ſubtenſe of 16 degrees be- givers 

ViI, 0.174 31.14854.99916,34711, This 3 

teffc theathe Rad, by ane place, —_ . 
orc 


—a aww oc ot  eean Jo © © @ a wh 


_——__@#. Ja 


(89) 
fore I have ſet one cipher before, and haye 
diſtinguiſhed ir from the ſubrenſe given by 
a point ſcr berween, the which is all one, as 
if it had been pur over the head th 
next you muſt diſtinguiſh the fi gi- 
yen into little cubes, & into qua $, 
which may be conveniently 46ne thus; 
having found the place of the firſt point, 
which is alwayes he lace of rhe Radius, 
the ſubrenſe given muſt be diſtinguiſhed in- 
eo little cubes, by parting a point under e= 
very third figure, as in the triſeRion of an 
angle : thus in this example the firſt cubick . 
point will Yall ynder the figure 4, and the 
ſubrenſe given muſt! be diſtinguiſhed into 
quadrato cubes, by ſerring a point over the 
head, or elſe berweenevery fift figure from. 
the place of the Radius :- thus in- this ex- 
amplethe firſt quadrato cubick point muſt 
be {er over the head, or after the figure of 
1, theſccond after 4, as here youſee, © _ 

After this preparation made, you muſt” 
place your two diviſors, 5 roots and 5 cubes 
in this manner, thefirſt as in ordinary di- 
vition under the firſt figure of the ſubrenſe 
given, the other 5 under the firſt cubick 
point, and they will ſtand as in-the work 
you ſee; then ask how: often 5'in one, 
which being n&v once, 1 pn 


(90) 
quotient, and remove my firſt diviſor 4 

lace forwarder, as in ordinary diy.fion, 
Re Lnmrewehs next cubick 
poinr, then, as before, I ask how alter 
Fin 17, which being 3 times, I ſer 3 inthe 
quotient, and of this quotient 1 {cck the 

Ts and find: ir to be 20h 

hgure whereof, namely, 3, I ſet 

the laſt figure of the ſecond quadrato cu- 
bick point (becauſe there are but 3 figures 
berween my diviſor 5 and the firſt cubick 
point, whercasthere muſt be alwayes four 
atthe leaſt) chen | multiply the figure 3 
placed in the quotient by my diviſor 5, and 
the -produ& thercof is x5, the firſt figure 


whereof I place under my faid diviſor 5, t 
which having anacxed ciphers, or at lea 
ſi them t>be anncxcd, (as to the 
triple root in the triſeRion)1 draw the qute 
drato cabe of the figure in the. quotient; 
and rheſe 5 roots or 5 quoticnts into ons 
{famme, che which is I$900902143 , under 
this ſumme I draw a line, fo bave we fire 
roots more one quadrato cube, from which 
Emuſt ſabſtra& 5 cubes, 1 therefore ſeek the 
oube of 3, the fepure placed inthe quorienh 
and inde itto be 27, which mukiplicd by 
ve | will be 135, the laſt figure of 

ve cubcs, v5, 5, I Go under my 

4 p 
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\ MW cond or cubick diviſor, and ſubftrating 
theſe 5 cubes from the 5 Toots more nance 
uadrato cube, the remainer will _— 
Gay We". alſo f 

amps Barr. ubrenſe given 
ſtanding over the hcad thereof,the remain» 
er of the ſubrenſegiven will be 244464617, 
and ſo have ] wrought once. 

To this remainer of the rwo firſt quadra- 
to cubes, I draw down 95316, the hgures of 
the next quadratocube, and ſerring my firft 
diviſor a place forwarder, | a>k how oiten F 
in 24, which being fouc times, I ſer 4 in the 
ona nentnaaty yer whether this be 

pg ron xo, 
cced tocorret my diviſor, and fuft 1 ice 
the quadrato quadrart of 3, the firſt quati- 
eat, and findc it to be 81, this mulriplicd 
by 5, will make 40s, this I fer un- 
der my diviſer, and 5 the thereof 
T ſer under 9, the firſt figures Ge. 

krke cbeof 


draroquadrare ; nexr 1 
& finde irto be 23, which being 
by to, the produd will be 270, 


(92) 
the figure in the quotient by 5 my' diviſer 
this produ& which is 15, I ſet a place for 
warder under go, the third produR, ani 

' now theſe 4 produRs rogerher with my: 
viſor and ciphers rhereunto annexed, being 

- gathered into one ſumme, will be 5coqgoo- 
432915, under which 1 draw a line, And 
thrice the ſquare of 3 , mulriplied by y, 
which is 135, I ſcr under this ſumme, the 
laſt figure thereof 5, under rhe firſt figure 
of the third cubick po:nr, that is, undery, 
and thc triple of 3 multiplied by 5, whid 
is 45, 1 ſer underthe former ſumme 135, 4 
place forwarder, and my cubick diviſor 
under the laſt fume a place ferwarder, BY -. 
charis, underthe third cubick point, rhele BY. © 
draiva inro one ſumme will be 1 3955, al kT 
being ſubſtrated from the former ſumme Wy . 
500080432915 , the remainer 498.6049] - 
z915 is my diviſor corre&ed, and-yet | c. 

know nat whether I haye a true quorieat of x 

Ww 
P 
L 
x] 
b 
E 
| 


not; under this, remainer rherefore 1 
dray a line, and work with 4, which 1 fap 
== to be the true quoticnt in manger fo 
owing ; and tharthe manner of rhe work 
may be the more perſpicuous, (as in U 
-rriſeion of an angle, fo here) 3 the fit 
l FHfigurefound I call (a) and 4 the ſecond 
| * fgure Icall (e) che fquare'of-rhree 1 not 


= ; 


+. 


| 
| 
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ith ax, rhe cube with aaa, the LtO 
nuatvat with aa a a, the quadrato cube 

ith aa4aa, ſo likewiſe the of 4 the 
ſecond figure I note with ee, the cube with 
ee, "the quadrato quadrate with ecre, the 
quadrato cube with eccee ; my firſt diviſor 1 

vte with ffff, becauſe this tron is qua 
drato quadratick, and 5 my ſecond diviſor, 
I note with cc, becauſe the Cn {elf x 
cubick : theſe things premiſ | FOCee 
thus ! Firſt, I multiply 40s, which is 5 4444 
or 5 times the quadraro quadrate of 3by e, 
thats, by 4, andthe produR thereof 1620, 
I ſer under my diviſor corre&ed, ſo as the 
Jaſt figure thereof may ſtand under the firſt 
figure of the third quadrato cubick num- 
ber, and agairiſt this number I pur in, the 
mirgine 54a4aae, that is, five times the qua- 
draro quadrate of 3 maulrip!icd by 4 ; Next 
270, ten times the cube of 3, by 16 the 
ſquare of 4,and this produR 4320, 1 fer un- 
der the former a place forwardet, and g0, 
which is to times the ſquare of 3, 1 multi- 
ply by 64,the cube of 4,8rhis produft 5760 
I ſer undes tlie laſt a place forwarder then 
thar, and 15, which is 5 times 3, I multiply 
by 256, the quadrato quadratc of 4, 8 the 
produ& thereof 3840, | ſer under the chird 
produR a place forwarder, and Lots 
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the quadraro cube of four under that: , 
laftly, I multiply four,the laſt figure placel 

- inthe quoricnt by 5 my diviſor, and te 55 
laſt hgure of this Ppcuet I ſer under 5 ny ill © 
diviſor, and ſuppoſing ciphers to be there- tt 
anto annexed, I collect theſe ſeveral pro- 
duds intoone ſumme, and their aggregate 
200020211 35424 , is five roots more one 
quadratoquadrate, under which 1 drawa 
Ine, and ſeck the five cubes ro be ſubſtra 
cd, thus, Sts, 7 1 | 

© Firſt, I myleiply'135 (ybickis rhrice the 
ſquare of three multiplied by five my a- 
bick diviſor) by four, the. figure laft pl 
ced in the quotient, and the produ there 
of 540 I ſet ypinder the lat ſame, ſo as the 
laſt figure thereof may be upder the firſt 


gure of the third cube ; [next I multiply 4s 
at is, hve times the t1iple of three, by 16 
the ſquare of four, and this produtt 729l 
ſer under the former a place forwatde!, 
and under that 320, which is fiye times the 
cube of. 4, # place forwardertoo, theſe pto 
duRs drawn into one fumme do mak 
61520, the five cubes to be ſybſtraded 
fromthe. bye roots more one quadrato qua 
drate before found , which being done, rhe 
Temazner will be 199:8501135424, 3P 
remainer being ſubſtratted from 
hgures 


i 


wo 


. (95) 
of the fubteuſe given over the head 
of, rhe remaincr will be 450.,59600, 
59892, and becauſc ſuch a ſubſtrattion 
may. be convenient'y made, 1 conclude, 
that 1 have found the rruc quomcnT, and fe 
haye I wrovght twice. 
The work follow.ng mnſt be done m. all 
MW things like as this ſecond, onely remem- 
WF ber char. as in the triſetion of an anglc, 
4 in the thud operation, the three 
| —_ OS fo 


forward till your diviſion be 


angeles 
17431148 54'0-3 
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34 Thic Sines of two arches <&qually dir | 
ſtant on borkh fides from. 66 degrees, bemg  , 
giyen, to finde the Sine;of the diftance,. _. 

—_— .' The Kit. 4 F'8 I"? 
Take the difference--of the, Sines: given: 
and that difference/ſhall be rhe Sine of. the. 
—— : : fo ; if $13 TH 
be reaſon of the Rule, 
Ler EN and PN be the rwo EMAFM 
ven, and may 1 69 deg.M N, 


that is equally giffagk on both; ſides from 
che point M, acetqh tight lines C K 
andPL bes hoſc arqhes, being 
drawn pepperidiculay Ye tight line A N, 
and theytupon parallel to one another. 
Moreover, let the right line PT be drawn 
perpenflicular upon the right line C K, and 
ſo þ | co'the right ling K L, then this 
righr {38 TP cutterh Trom the fight line 
C K another line TK, equal unto PL, 
byrtie-ry vF-cthe ſecond; 'and teaverk the: 
right line” T C' for the: diffeteyde! of! the-, 
Sincs CK and PL, Laſtly, the-Sines: of . 
the diftance of- either of thiem fromisa de- 7 
A EY or-DP;1. - 
ay, thar cheright'line TC: is equal other 
righe line C DorDP.' i! 5 0209 
: 2 2 Deinanſiration.” .:, '; , 119279 
Becauſe inthe reiangle GC_P,.that the 
-. 3 = 


ka 


CIA 
_ . p© Ro r GD RIES _—_ 
- CP propefttion : therefore c | 
GC ud GP are equall, and che angles 
GCP and GP Carecqual, becauſe equal 
ſides ſiprend <qualangtes : end laftly, the 
q CGD and DGP-are- alfo- equal, 
| by the ſame reaſon; bur the axgleC'GD 


[2 | | 
Tents ab? 1H 

- is 30 degrees for tharir is equaltorhe an» 
_ gli: BAM, becauſe a+ right line-drawn 

rhrough 'two: prrallel right lincs makcrh 
the angles oppoſite to one: another equall,: 
An& therefore —_ CGP &: 60. de- 
grees., becauſe it is double mw chetangle: 
CGD. And becauſe theanplt C GP is 65 
deprees , rhcrcfore the othi6# two angles 
GC Paad GPC aren20, aaa 


(193) 
the ſecond, and theſe og io Gn de- 
ap be z an ore c- 

of rhem is Py wn ces, And the'angle 

pl P ts alſa 60 degrerh, and ir the 
rrianglc C GPis equizngled, but 'becanſe 
the triangle C G P'is chuiangled, therefo e 
allo ir is equilateral, Moreover, becauſe 
the triangle C GP is 6 therefors - 
the perpendicular PT bile&erth. the baſe 
C Ginto two equal) parts, orclſe it could 
not be perpenilicular.” Then the ſides © Þ 
and CG are equaH;, and therefore alſo 
their bi: ſeg CT andCDarc ual ; 
_— wasto be demnnſtrated. The afro 

crefor 60. degir os. being 
given, y inde the Son Ry | 
zo 6, a y Addjvionr9% 


one] Yo 


os, Is. 1 Fr vN 
So, CM orPM 10 py for Jon 


degrees arethe arches of 7 degrees bon, . 
ny OLE - 
of CE bir. Aden 


let the Sine of 5o degrees mote 


F. 4- From 
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_ . perpendicular GD doth bifet che baſe 
- CP, by the propefition : therefore the lides 
"GC and GP are equall, and the angles 
| GCP and GPCwecqual, becauſe cqual 
_ fides ſibrendequelangtes : and laſtly, the 
atgles CGD and DGP-are- alſo: equal, 
” by the ſame reaſon; bur rhe axgleC'GD 


” 
. 


Een nn x; RE. 2 
- is 30 degrees for thacir is equaltothe an». 
gle BAM, becauſe a+ right line drawn 
= through-two' prrallel right lincs makceh 
the angles oppoſite to one: another equall,: 
And therefore theWngle: C:GP &#: 60. de- 
grees., becauſe tis double wx che'rangle: 
CGD. And becauſe theanple C GP is 65 
deprees , rhcrefore the ' orhi6# two angles 


GC Paad GPC areT30, by whe 1816, of 


*\ 


f 


(193) 
the ſecond, and theſe xwo/* Fen axe de- 
ap be cquall; 3 an 
of rhem is 60 degrees, And t 

Cav: is alſa.60e -_ and therefoge ir" ' 
rriangle C GP3s equizngled, but. 
the triangle C G Pis chuangled, Fee e 
allo it is equilateral. Magn, wane becapſe | 
the triangle CGPse 'y 
the perpendicular PT buſe& hn boſs 4 
C Gintotwo equal] parts, orelſe it could 
nor be perpenilicylar,” Then the'fides Er P 
and C Gare equH', and- 
rheir b{- {e CT und C D rk, 
rw wasto be demnhftrated.. Th 

crefore Le Sw being 
given, y finde tha act 1 
zo 4 by Addjven: v% 


onel 


Ry arches C ho BESS ab 


So, CM orPM 10 wry enten Pry ſa many 
Fr * 


degrees arethe arch 


no bor ED Sd | 
of 7o.degrore and 


let the Sine of 50 degrees be be epaPR | 


FA From - | 


bar 


rherefi ore e- | 


Y tog) 
From the Sine of 7c#,C K 93969 16 
Subrra& theSine of 164.CDorCT, 17364h 


The Remainer* will be the Sine of 5ot C 
 TXor PL, 7660444 


| "Then lexthe Sine of 70 degrees and 56 
degrees be given, and lct the Sine of ton 
. degrees be demanded, 


From che Sine of 70 degrees CK, 9396926. 
', SubſtraR the Sine 'of $04.TKorPL,7660444 


Remainer is the Sine of tod, CD, 1736482 

. Laftly; ferthe Sinies of 50 degrees and is 
deprees be won tot the PRESTO ; 
degrees be ON 


To the Sine of "40088 K, " 
Addethe Sine of -10d. DP or TC, 173648: 


— 


\ Their ſum willbe the Sine of 70d; 9396926 


And thus far of the making of the Ta-. 
bles 'of right Sines, the Tables of -verſed * 
Fines are notneceſlary; as — Ag ſais 


CHAD. 


nel 


WE - - - 
—— m_—— 


CHAP: IV; 
By the Tables of Sines t# make 
the Tables of Tahgenrs and: * 
*SCCAntS. ..__..-...-; ts 


44 
S the Sinevf the com , Is'- 4 
tothe Sinc of an arch : ſo is the 
Radius , CL  T. 


_ \ 

: Na of the com 
the Ra 0 har es — = vos . 
ofecar atch, For by. the 16cþ, af the fe-"- . 
C \ 

x. \As the Sine of the AB,. 
is tothe Sine. CA: fois the Radius BD or 

m nl = a” _s 


Mawes fc > S— 
L apts 


( _ is $6601.54, 

Rp if ca muy the fine AC 
Ro by the Radius CB _— 
| the ud wil be 00000 Dap0ee un 
divided by the fine of FAIR 
the! AfaiePD of the tapgent of the 


" of zodegrees., * - 


'Y 


(109) ; 
Theorem 1, = 


The difference af the os ah of apr 
rhafe arches 


arches making a i 
the taxgent of the Feet r 


The Declaration, 


Lez the ewa arches making 4 Quadrant 
beC D and BD, whoſe rangenrs are CG- 
andBP, and lerBS be an arch made e- : 
quall toCD; and then SD will be the 
arch. of the difference of rhe two. piven - 
arches CDor BNantÞP. And.alſo lets 
the tangent A T bg | ro_the co 
C0 :hi prog” | 
the difference. of the rangents g3ven . 
or BT, and B P;, Laſtly, Jer the: atches - 


B-L and BO'(whoſceatigenevare B K and... 
BM) k —ro-the rcSD; 1 : 


nd BPis: 
rhe tan- [i 


GA 


double to ightli 


or 
the right line -ÞÞ is 
line MK, , 

W.2 Ts 3 


{0 cnienal 


tl. 


=... Ts | 
lines KP and MT are <qual; therefore if 
you rake the righr lige K T from both of 
them, the right lines T Pand M K reinain- 
ing ſhall be <qual ; -becauſe thoſe things 


are alfo*equal eg one, another; bur the 
NT” MT arc equal to-the 


. ” 
% . 
% * w 


fame righr line K A, and dndhentas they 
| *aretquililicoone; another, 


K'Pis equal co. 
* heangles KAP and 


that are equal toone. and the ſame things: 


421i > a3 © 


(i = 


that the angles K AP and KPA are equi} 
ro one another, rhus appeareth ; for 
they are <qual ro; one and the Jame any 
gle. DAC, The angle KPA }s | 

- to the angle DAC , becauſe the f 
line PA is draymn. chrough the 
links M.P and A C :' and. the pre 

K A P is equal to the angle DAC, by - 
the conſtruftion , for the arch BL is ro 
be madecqual to the arch SD; the 
difference of the arches D C and B-D, 
Thereforethe angle BAL. or B'AK. is the 
difference berwixr.the angles B AP and 
DA C.. Secing therefore-that the angles 
K APandKPA arecqualto the ſame an- 
gle D AC; it felloweth neceſlarily, thar 
they are equal to one another, BR 

Then thar the righe line M T.is _ 


the right line K A is thus proved 3 1 
line M As onal EEE 


ee Than — 
are. equal, for equall = 
angles ; tad derngles HT nd T: 


hey-are alloe- 
_—— dere 


contraily, the rangers of 
NE theſe wo wr 
with the « Hp. ws 


"arrange 


T ew 2 omen 13 
Tngef dem dodbled 29517676: 
| 1 9th b— 


Tatg.ot 55 FDTIEE 6a _Y? 


Their appregare ts 
che rangemmof ya degens 94 mimnas, 


The rangent of the bfermr of twe archer 


ng! b2vO 8 5: ig rn ef Ser | 


Nh 
Bl. 


'Whichrdoaklah is -- ng5s5656 
Towhichtherangafrt. 6m, $4, 306876r 
x $2566437 


He. 
Becauſe therangentof che difference 


mY 
*. 


(m2) 
br BO; char is, the-right line B&.o».Þ.M 
Re enof do kfrartd BSA i « 
is, wkbrhe right line BT, makerh the right Ar 
line MT; which is equall tothe SecantAK, . th 

m 
lc 
r 


the demonfiratien of -the Grſt Theerety, 
= hows Sees chcanginolchs dilerag. s 
SRI 


T 
T 
th 
Mm 

ery 9 be pn _ 
The cangent.'of 19.06 is” > 306970 e 
| heirs the ſecant of is 85 IB; dybs 350 t} 
»>- $25 BEL sf thi href 1 [It þ & 
, The ent of the difference wo a p 
2H Dreatyant; with the ſfeeas'1jf i 8 
i rh rs Fe the ods US 
ed grin BELT JN - 
_ Eee SED ri 
iprnnb——o __ is , whe ; 


Heprnd thrq +9 165 ants 54; —»figh fight: 


f 


SS; ES 
right line B K with the right lineA K, is & 
qual to the right line BP, by the: demen-” 
fration of the firſt Theorem * therefore” 
the rangent of the difference of two arches 
making 2 Quadrant beitig giveni; wich the 
ſccant of their differerice, the tangent of 
the greater axch isalſo given. | 

For example. De 
| Lecthera of the d.fference be the” 
rang.of the arch of g5de $8$1,viz,t49 5360; 
The ſccanr of this difference-is 17827600" 
Their ſum is the rang, of 33 94, 335$643F; 
the greater of the two fortner given arches. 
And now.by the like reaſon. cheſe Rules” 


may be added by way of Appendix. ge 


— # LISTER 

The double ta anc arch, with ehe- 

tangent of half the complement, is cqua: | 

ro t e tangent of the. arch, compoſed of 4 

oy; given: arid half rhe complement” 
Ine | 


| For if thearch BL be 
given, the double rangenr 


BI, thallbe thearch EC; whoſehalFiis 
the arch LD-or DC, whoſe rangers the? 
right line G.C ar BT, bur TP added'to* | 
}'X.makech BP, beingrhe rangene of the» | 


<@H 


(112 ) 
_ at is, the-rg hr line BK.or.Þ.M 
g - © of the lefler arch B-S;tha 
he line B T, maketh theright | 
line MT; which is equall tarhe SecantAK, 

by the demonfiration 


Therefore, 
wwo- arches 
rangent of 


with che 
&, withrhe 


_ ſecantof the 
«7m 


Co 


of rhe leſſer 'ardh 1 


—— oe the di 


Wm mmgr ts 


the greater arch, : 


= 


rhetangent of on 
W3 EE = 


AST, a __ 6, 


”. Þ TK 19 315 


of-the- rſt Theerety, 
of the: difference of 


fo : 
being gzV<n,' 4 
| ATI alſo given, And 
Fe example. "23D 
of the Former difference 
. > minutes, 'and-the. tangedit 
b be giyen; T yy De Kent th a | 
& _ b& Y 4 
Tang,of che di -55 de f8-mue 19758633 
[The 'ranpent {of 197.06 is” - 


| /Theirkan is the ſeeant of 5 885 d7ds76 
bz nt >,Theor, 3-2 22 t54! —— 


306870: 


your, Ag bent of 


pul a yo ranges vl 


bet | 


oaks 21 


I - S-3- 1 3-8 


ud 4H 


J 


+ AMH0o wg. QAYTC 


8. TY 
right line B K with the right lineA K, is & 
qual ro the right line B P, by the: deman-' 
fration of the firſt Theorem: therefore” 
the rangent of thedifference of rwo arches 
making a Quadrant beitig given, with rs 
R_ of =, Tiferencs” the rangent of 
the greater arch isalſo giyen. Poet 
For example. ap Sons 
| Lecthe rangent of 'the d:ffcrence be the” 
rang.of the arch of g5de $$1,vi4,1475 
The fmivtherang. of gs 94; 190608 
cir ſum is the tang, of 733 94, 3353643F; 
the greater of hewn +. Bit  arches,* 
And nowby the like reaſon rheſe Rules 


may be added by way of Appendix. * 
I A DSSIDEEY 
The double tangent bf arc arch, with che- 
tangent of half the complement, is cquall 
to the tangent of the. arch, compoled of 
> _ given: arid half rhe complement” 


- For if thearch B/L. be pur for the arch * 
given, the double rangenr therevf hall be? || 
TP, by the demonſirarion-of che firft The- - ..: 
ore, And: the complement of the -4 
BI, ſhall be chearch EC; whoſetalFi®> | 

arch LD-or DC, whoſe che? 
right line G.C ar BT, bur TP adged"ts* 
3 E.maketh BP, beingrhe rangene of 00's 


». 
—_ . \ of 
IP : > 


£114). 


'and. half the complemegr LD, thereforg 
the double Fudge Pee, | 

Rile IT, 
ea A an arch with mea 


ent. is Equal tothe (e: 
er atop For Þ pop have 


andd rity ay oy Fo 
Ages eh ds cog be BM, the 
eye card 


ME: 
aire Wo tbe SED 


is EAR ARES By het 
orfpoſell © ps a and half rhe 
x6cary Fox it y 6x2 $arch RL 


| BK ſhall he the cans 
Kee = of. that" arch. Bug 
L as \Kand Pare eu by rhe. 


peel cherey 


he boat 


achBD compoſed of the given. arch RL, 


—DERCERTTCDCPSESEAUECL ES 


"Cu" 
the right line BP, which jqthe rangent of 


the arch B-D; rhe given | 
ad Lad Ding hah ounglr 


Thet: rules are ſufficicne fas the makingof: | 
the Tables afnarural Smes, Fangena Why: 
cants, The uſs whereas io thexeſolurios of 


- CHAD Ver 
of ihe patart ed enfoiie c 
EIT 8X of 4? 


EF -. fig) 
b BD compoſed of che given. arch RL, 
* and half the Tenet D, thercfors 
the double raggerit, 8c. | : 
Rule Il, FR 
er rf an arch wich rhe cangenr 
Pe 4n-7 lemon. ola 
cant of rha <p For if you have the 
| Te: 
1 be BM, the 


ERPBSSEEPSERE Ez ES 


75: on he 
egcof anarch 

5p FE Hg and half the | 
cif pon have arch BL 


BK hall herheran If © 
ng that" pat wy 
P al, byths. 

KATY Da are eq 


the right line BP; v | , 
the arch B-D; beingcompaled of che given 
ach, B Land LD being hakk ther camplor: | 


the Tables afnarural Smer, Tangent, Wb 
carts, The uſs whereof ip thexeſolurion of: 
plain& Gs he fol- 


4 1. . : -F- WHTTTE l > 
” & 'X. 4 — Z : > 4-0 "4 & 
= bqytnrs —_— 
% % —— —_ ATT YY - —_— ——TY YT TY 7 LAGS 5 —_— Ta 4 4s @ *% % = 
” - - : A 
e CHAP;- YV. apa 4," i 
ay 7 . — _ FI. - 23 p £0 þ p 
6 - . - _ - a, : 3 
Of 16 B4L476 1A CONF T4; 
- - % - - : " s we. . a . "ug * 4 5 
” | 4 ” 4 ' : 
..: 1» +. Oparithmes;* 4s nf » 
* ' L . - ” . - 
« l 4 « = — - 6 > ** « 
: 4 - M4 Sw * a 373 oE . 


wy 
* 
* 
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(116), 
ſpentins! Se in the firſt caJumin of the 
enſuing Table the numbers Geomerrically 
proportional-being I, 2, 4, 8, 16, 31, 64 
128,356, 512, 1034, &c. you may ane 


theo at pleas 
ogariches for 
ned 
tmactical 


| , aſligned) differ Þy Geomitripal proportion, 


'- thats, as the. numbers 5,8, 11, and 44 
\ - haye equal diffetences * fo-the "number? 
' 2,2, 4, and$ liavz'rheir differdnces of the | 
ſamekinde 7 for as the difference berwee® | 
$<jit#; Fend'fi,;" £1 td Ya; 164/70 
the orher_ namBbers; as 1-is half 2, fo 
hatfs, 4 Half 8, &c,” The ſine obſervarcn. 
may be tnade of the Logerithmes phaced'® 


(116) 
ortion : 'Se in the firſt caJumn' of the' 
enſuing Table the numbers Geomerrically 
proportional-being 1, 2, 4, 8, 16, 33, 64; 
128,256, F12, 1034, &c. you maya 
uit: thews for 'bo:rowed' auimbers or 
riches; the nunibers fubſcribed under 
 Terrers A, B, C,;'D, or any ot flew 
ſare; provided , rhar the L 


tied (11 differ amongſt rhemſclyts 
yo nawhrr mn; nollic aanREg 


' bicauſe 
amongſt themſclyes 1by 
| Portion, as1, pine hr 
” munbery wr which they are ly 
E rw. rag differ þy Geomitripal proportion, 
_ ho. ». eopmhery $,8, 11, and 44, 
| - fo the "number? 
I, d, 4, NN EE = 
ſame-inde ; for as the difference berwee® 
rants, $ and: Ti," fr "ahd Ya; Wh ito 
45 t-is 
hate, e har " Re fa ts 


1-8-6398: 


my be _ of the PIR pleced 


HnP7 -- = S2 


wianns A,B, andD; or of any it 
ranobers which you hall afſgne.36 Logar | 


| 


| -© © 


" _ Iu 
WW. 
- 


worry L 
ne rare. ok etna , 
bers fituſare rnoneſt E | 
the ſame able, oe, df '2; 9, 4; Ker. ==> 
arc nurtiders ſcirirdte betibie 1 an{ro,' of 
14,72, r7, &c, whith vi ylaceFberwher ro 
4nd 156 ; 164fo'conſ&t of the teſt; 


niger oor: be done-we 

inzend to py 
1.5, Ma works ee pdeig joOPe 

tbnalniunbers m'Yhe Tible & 


a conrinutd x yes pe tee "AT 


continual meih which 
may be a nixrnotber, 

near x, that j x ma have I'% 
before 

rator, as Y 


C120). "M 


Table ro. ſeven laces 28 ciphers will 
ſufficient, being therefore me" d of 
Lextra& the {quare roorthereof, an6me 
Ano be 3.16347766010837j *g4i0, a8 
ing upto, this roog} thus found 14 On? 
fo ordered, as if it were whol RT” 
Texrrad. the roocthereof, whic> : 
| $37 827941 2.8 200 
edRergly by © congnyed exe 
oe 7 


4 


ES FPAPaF2TOSME SOM 


-41-%. 3-8-3 


ke 
| 
” 
(em 
ow 
the 
L 
og 
arnthme 


Q. 
LIED 
ron mens; <auat, Bs 
= kh 
of hen == IT 
reſt = 
EX = 
: : =} x to 
: EEE 
is = 
- = 
- =: 
rp" = 
= 
Y 
_ 
ber v= 
" | _ 


* 


then 
q 
and 
© bach 

rer then 
I 
, comes 

fo 
Nccr 


v* 


(t22)) 
for there in the ſecond column: thereof, rhe 
number N being the Logarithme- of the 
number G, I ſay, as-the ithme K is 
haffthe 
krftlevcn figures 
number H; arc half 686a238; c<h# firft ſever 
fipnificant figures'of rhe numerator of the 
E- CE { 

therefore being Loparithmes 
. andthe Gynacane ures of thn cucme-: 


I Ianys cc 
Example, oumecratars Gand H bee 


ing ry rH i fay, as 6862838; the fignifticane 
fgares of yo.” the ry 
are to 3431119, 0 
. the =. Irons of rh, ure: rare is 
29802332, the Logarirhme of the nunber 
G, e:x49p90116z, the Logarichme: of the 
number H, ri like manner, G and L being: 
given;:'ns 6861238 ,' is to 17155599 {© is 
298023 22, the arichme of of the pumber- 


G, to 7459580, ;of rhe 
- mitaber L. Th holdedalfo true in 28y 
other mumber of this ; thiwgh is be 


not one of the continual means berwixe 10 
and x,' forthe figures' of the nw- 
- merater of — number bear che ou 
| proportion tg proper r Logazithme; that 
the Ggnificantfigures of anyof the numbers 
marked by the letters G,H,or L bear to his, 


A 


I, 


4 


5 7 
6718.79 4100389% 


L, 2142216 
OE 
1,074607 


1,036632.92 84376 
pe 905 oe4 3444 12 
1004g073 $5295 


1,002251 


'y 


1,60112494139987 
1.00056 2312-6022 al 
I 000281116787 78 


1,02007027 1 BR. 


toneothie 


L.000 1405485 165 4 
| 
" 


OO 314508 
"00061035 156250": 
2,0209305 17578125). 


” 
NE EEIEA 


@H 442 3 9: 
= . 


- 
Ss 4% 4s * 


(4349) _ 
4. $. Theſe rhings being thus cleared, 
Fig mance, that a number of this kipde 


bz 


As? ; 
I che fi king Guies of the 
darderapde of Fl ber” G, arc to: 3980- 

Hor, cn of rhe ſame number 


Di res, 


toroatzer, dar gc 0 o:00099- 
504357297, 25 brfote, And. to evety I, 
| garithme-thus found, - you-muft 
many ciphers as will make the ſaid Loga- 
richme to have a& many places as ING 

082” 


conſiſt of as friany ces | 
yet when you arc IS refslved how 
many Rates the L of yont Ta- * 
ble ſhall ; yon oſt not _zlect your 
firſt reſolution; #5 to'maks the Logarithme 
of 2 46 confifÞ of fix "Ind t Lone 
tine 166 hav© ſeven! but if the 
nifeane figures of the mumeraror of te 
io Fenton ref the Topuiene 
as of & 
of 16, you muſt prefix n cipher or ciphers 


to make chem” equal z bormble (as bark? 
been ſaid, the 1 ms 'chrnes '6f this kind 
ouyhrall to of equal places i the 


5. _— m_ cheneo inde the Tagprihnoe 
of any hamber wharſceyer, ybuare firſt to 
ſearch out fo continual: means be- -} 
twitt the fame nomber and 1,þt]rbe :con- | 
tinual'mean' ed mo porn mp fn wm 
many tiphers placed re Gignificame 
Egutes of his numerator; as you incend the 
of your Table: ' fhall conſiſt 


COEET 3 


number 2 « bing: iven, I 
richme thereof > ſeven 
= = ko pane wks & 
iS ore rin 
this Chapter, I praduce ſa many continaal 
meanes between.» and x, till. that- which 
cometh ncaceſt 4. hath ſeven ciphers before 
the, Ggnificant figures -of the. numerator, 
which after three ons rwenty prone 
exzeeRions,Lindeta 1 2000008832619 
ing'thus found y 


fide the Logarithme therpat xo be 
020200003 FFBr57l. for, 

As 6862238, is ta 19802328: : 

:$o 8262958, is to 3588 oFy. 

This | Logarithme being - doubled -wil! 
produce rhe Logatithme of rhe: mu 
_ ag above. ny 9. ue 

Y kuccetfirely che Logarichme 
6f each rag br pet one afrer.anocher, 
8ccording tothe number of the extrattions 

(915, three and twenty guns in all) ar laſt 
you ſhall. happen, upon the Logarichme 
e, dat, &; which is _— 
xi 


5 


EL 
'S'. ” 
= > Tl 


5. 
q 


q 


redow 
4% rhe 


"Y 


1, 0013547 1999237 
j7. 00067713959319, 
ER 
L 00008461627271 
T, 30724140 


000042 
$, co002 115339696 


1, 0007105 7664255 
1, 00000528830729 
t, SORPLEe4TFoly 
I, 92000132207 4 
00200066 


1, 002000661036 
I, 0990005305 


Jy 
I, 000009165249 17 
1, 00 262958/ 


00000014 35 42 284 


40,20000097177 1142 


200000035 885571 


——- 


be 9,301030. thus 
4 bs fnade, {o' may 


ny, 


7 docivacive.munſÞers. MAY be found 
{reqrards wahour. fe Frouble bf 1s 
many continued extraQtions- of the 1quaze 
tha, jp for 


4 (187 "= -» 
third, the ſlur is 17, from. which fbſtraQ«-; 
ing 8, the Logarichme of 1a, the firſt pry- 
portional, the remainer is 3z8lie Logarichan * 


gnctical of $ to. 102 2, becauſe 8 and 2 are © 
10, Now then whereas. in- the cxample of  - 
the-latt ings from'1s, : 


- = 


261-39 


" - 
- 
ET, W 


+ xg 
Iz Their aggrtgat 15.13: 


4+ 1x2, ©. 


d. 


Ld . 
: 
- - 
, - 
=" 
= - 
. 


-” 


w— 
- The treaſon is manifeſt; for wheres we 
ſhould have abated Found. 11, we-did not 
ohely Mot aback iy Fa bur added moreover his 


plement x0 20 which is 2, wherefore 
| mel irthould be by 8-81, 
"that is-by\-10 3 wherefore a 10 from 
ir, we have the ot me" 

to 


cule, alrhough it l, yer we ſhall 
0 —- he. Agirfes egy 


uſe any : 
wr onrt then fuch as are the _— - 
vo enegegA Logarich rnens 


CO aww am «mee 0 = @Q@=T 


$970: pe cyaonge ITT 
| Frbtm 204000208, the rergainer is 
arichmerccal.. 3 


inſtead of 64-weite 7, and for 0 


ruimber, | 
arichmerical uf 03oLaJ0; Co 


the 


raceriſticall rooX of every Logarichme yy 


yvit 


os one 9 QAO OO 
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3019039, (the 
being double 
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the Log 


the mamber of the wermss produceth 
Logarithme of 64, the laſt term, ane'ebe 


Lo- 


(139) 
athens of $e;th laſt rexrm, being divi- 
by 6, leayerth in che quoticatthe Loga+ 
richme of 2 rhe roox. . ©. » mi12 
Henceir alſo followes, thay if youadde 
the Logarichme of 2, the common 'difit« 
rence of the rermes, tothe- 


ichme of 16,rthe fourth termg 


wm 


706 Ie _ 
| Fl ' Tvigozemairia Bra au2tc 
nu. fit romake the Radius of :his:.na< 
ra] Canen w-conkiſt of 16 placesand to 
conkne his arrificiall ro the Radius of 'cle+: 
ven, whoſe Chara&eriftick is zo; bur-the> 
| Characteriſtick of the reſt of the Sines tilÞ 
youcomersthe fine of y degrees 'and 
ccorſines 's' 9, and from'-thente 


. 
. 


i -.* 


a 


F, 


” 


wa) 
cenceſines; the CheraRerificl 35'Þ; ahi 


from rhehve-7-, cif your 66 2&5 cths.| 


—_ and from therice bur 6; 't5 the be- 
ploning ing of the 'Canon, "The ChataReri- 

Nil} decreaſing inthe ſame propottion 
wich the- naturall ' nunibers, © and- the 
number 6f- ——_ in rhe nacurall Ca 
non; 49: 'the ChatraQeri: 
Kick in-che-atrifigzall ,*rhat (0) rhe-artif- 


Sr nga 
a 


| 116: PY Tathe Canon herewith T5 
the CharaReriſtick in-he- arrificiall 
” bets dotifexcett the under: of places 
Ghengrirall; Ad teincſs Hack on 
6 \\for the arti 
Gali nambers-in this Canon: niighe in all 
reſpe&s hare-becn:made anfwerable torbe 
natural, and fo che CharaReriſtici of che 
| Badies, or. whole Sine would have. been 
fren; the Charadterick of rhe firſt minors 
 3bup thus the ſubduRtion-of che Radins 


Ge Radin ob fnorn; tex th aores | 


nxiwcall. _ en aoninen.s ir, E: 
think ahus a es bo m_ that's © 
Pu ry a wag Loiky by tome 
y anon, of 

I is” Cher reg hi and yer 
even here there is\ſo fanall: a difference 
berween the Logaricthmes of theſe naw- 
rall numbers}. 'anl che _Logarithmes in 
the Canon, that oy qno may well per- 
ceive the one ro clſc bur the 
Logarithme of rhe qcher, it they do bur 
changethe CharaReriſtick, 


And bence' we may gather, ,that the 
making/ of this Canon is nor fo - 
os « Jas ory, and - la- 

| may be much a- 
bridged by this Propoſition follow- 


In the annexed Ding, I DEM 


OWNS 


(142 
rhe bac of $6 degrees, BC the fineof 2h | 
A C the fine complement thereof, thatis, Þ * 
of '6z, DB the ſubrenſe of 56, CF h 

r to the Radins, e146. © Fer A 
andACF like triangles, by the 33 0 of the } 
EB ELE TEST ang at is, 


Ee 0 


5 PF” 
"Ain cherefore the oblongs of PEAT, np 


«DE, and AB»CF a I, and 
bolts op T5 br 


BC,AO:;D _ as ROGC. :AC,DE. 


Tf therefore you. mulriply AO, ; thehal 


Canna 
6- | 
LS : 
Radius, by DE, the fine of chearch given, _ 
and divide the produRt by B C, the © of 
half the arch given, the quotient ſhall be - 
AC, the fine complement of half the gibs © 
ven arch, X ethie -1 
Ocif you mnalrigly B Co 5 line; of af 
arch by A C, the inc complement of the 
ſame arch, and divide the produſt byA O, 
the half Radws, the quotient ſhall DE; 
the fine of the double axch, And theyefdre 
the fines 'of 45 degrees being given, or the 
be found bythe rule of proportion, For il- 
tuſtration ſake we will adde an example 
naturall and artificiall numbers. 
Naturall, | 
As BC 28, ; +, 46947. 
Isto AO 30; es oe 
SoisDE $6, 
To AC 6: 


As B C 28, 


Irro AO 303 
SoisDE 56, $74 
To AC 6:2. 9.945935 


18, £, Thecompeſition of the naturall 
Tangents and Secants, by the fiſt _ 


= 
= 
, . 


"Ry" 
end of the fourth are-this to be made, 
*1, Avthe fine of the complemem, is w 
. the finc'of 'an arch*; 'So 1s the Radius, to 
the rangenc of that arch, 

2, As the fine of the complement, is to 
the Radius ſo ris the Radius, to the Se- 
canrof that arch; and bythe Tame rules 
- cthaybealfo maderhe artificiall ; bur with 
. more eaſe, as by exarhple ir will appear. 


Ler the rangent of 20 degrees be 
As the co-ſi ne of 60 degrees, im 
Is tothe fine of 30; © gdyBg70 
So is the Radius, - }..; 10.,000000 
To. the rangent of 30: La 9.761439 


=. -And thus bode Bears ws Au. (99105. 
rs of 45 de _ r 45 
—_— ll complements of he 

former, raken as hath been ſhewed in the 
—C the fifth Chaprer, 
we et the ſecagt of 3+ degrees be 


—_— I —— << 


44 A wa C_ 


« 44% ©. wa a wt A = Ks. A © = 


(145) 
As the co-fine of 60 degrees, . 9937531 


LD — 


Is to the Radius, 10,000000 
So is the Radins, ' 10,000000 - 
$40 aV Cab Þ 20/00 000P 
To the ſecanrof 30: © © rox82469 


Ani thus the Radius being added ro the 
arichmerical 406m of the fine of an 
arch, their re,is the ſecant of the 
coinplemertt of- arch, AnErhis is ſuf- 
ficient. for the conſtruRion of_the narurall 
and .artificiall Canon, How. to finde the 
Sine, Tahgenr or Secunr of any arckgiven 


in the Canon herewith printed, ſhall be "4 


thewen in:the [Preface » 
followeth thie uſs of the narurall and 
eSAcangisy d: _ in $a porn x 
—_ y 
Dialling, wn, ir 9/14 2101 


(146) 


CHAP, YI, 


The wſe of the Tables of natural 
«1d attificial Sines, and Tan- - 
gents, and the Table of 
Lag rithmes, 


+ 88 Ditnenſloa. 


"4 — ——_—__ 


% of " right angled Triangle. 


TEES ingef Trian- 


ot ano 
theeechings 

OSU or houh 3 

"£ we 

in Arithmerick yn excellency - ws 
called the Golden Rule, (which reacherh 
of four numbers proportional ONET2 ano- 
ther; any three —— iven, $0 
fndemura fourth) ang alſo e Ta 
bles aforeſaid, 
' Of Triangles, as heck hook aid, there 
Ire two ſorts; plain and ſpherical, ha 


arp 


= (197) = 
te 2 plain is riphr lined, | 
oft HUTT. 


ue, 

zght-lined Triangle we 
a circle are inſcribed rocalfy be partially, © | 
Torally, if rhefide ſubrending* the tight 
angle be made theRadius of 's'Circle, and 
then all the fades ate called Sints, az che 


Partially, if echet of the fides : : 

eo the righr.angle be. made the Radius of 

circle, and then one fide of the Triangle. 

the Radius or whale ihe, the 
4 4 


(ad) 


yat, cher two dey: is, a Tangenr, 'and: rhe 
laugeſt.a Tea Now « Rs 5 the 
right angled Trian wy as; pot 


NT 2% ED 
aclt 3, 19.387 Ry n 
prove 2 2804 ER 


Ge! ns Te in 
ied 40 & 

Y, f the figes of Fe 
a triangle arc as bur if the” trianglc'be 
ſuppoſed ro be bur pggrially inſcribed in 
a carclg, we are left at liberty to uſethe 
Tablc'of Sites,” Tangeprs, or Secanrs, as 
. weſhall finde to be moſt convenient for the 
work, 

In a rightangled vlakr Friangle, | y_ 
allcheahtgles with one fide are given, 
the crher rwo fides are - modburs, I fay; 1 
the angles, becauſe on&vf the acute angles 


cence, 


- the right angl the other 
| 2» angles Noh the Jie fide are demand- 


Big Ly ke vhs Arles." 
Taal pla no, {AT des vic: 4 


- 
= 


being given; the other is given alſo by con- | 
Or clic hve. ſides _ one ' that is, | 


—_— 


"(a =y "Y 
4361 che to anorhief; "65 Lee-th& Yuds'of 4 
che atiglet oppolirc 9 thoſe fades, 
As in cherrianghe ABT, the fide A BY 
in proportion to! fide AC, asthe' fine of 
rhe aygle ar @, is in-pro ion ro rapes Gi 
of the angle at FA and {6 > oi the 3h " — 


. ; bit LAs 
, = 4 


? 


ne 077 5 antiT met 'n £ 30 22blt owt 
—_— 7 Þ:- | 
The cixcle ADE: being :chreumſcribe# abvat? + 
the TriangleA BC, el fide ABI midde® | 
checkord gr fublonge: of tie ACB 
thar is) of the arch>{BY , 
ro the ORCS, The de AC w-agite | 
BATT fwlof>rhe. nigh AG Fg 
BY Radadeche ybrnſs Gdo i 
H 3 ” 4 


(150) 
BAC, and atethe double meaſures there 
of, by the 19 Theorem of the ſecond Cha- 
prer : therefore the ſide ABisin rti- 


on tothe fide AC, as the of the 


© ACB is in proportion to the ſub- 
—_— the angle ABC burhalf che ſub- 
- eenſe of the angle A CY is the fine of the 
le ACB, and half the ſubrenſe of the 
angle AB C is the fine of the angle ABC; 
now as the whole is to the whole; fo is 
the half, to the half, Therefore in all 
plaia Triangles, &c, 


| The firſt Conſefary, 
The avples of a plain triangle, ' and one 
. de being given, the reaſon of the orher 
Gdes is al given, 


The ſecond ConſeFary, 
Two ſides of a plain Triavgle, with an 


angle ite to one of them being given, 

the reaſon of the other angles is alſo given, 
by this proportion, | 

If the fide of a Triangle be required, put 

| we angic opyoſne tp the given: fide in the: 

SAM 06,13 Coo 

_- If nnanglebe ſorght, pur” che fide. op- 

poſe to the given, angle in the farft place... 


For 


«+ wa 6 IF. 


(151) 
For the bewer underſtanding ' whereaf 
' wewill adde an example,and'to di 
the fides of the Triangle, we cajl whe fide 
ſubrending the right angle, the Hy 
nuſall, and of the other two the one is cal> 
led the perpendicular, and the other the 
baſe, at pleaſure, but me} c .the 
ſhorreſt is called the r, 
_ ny Bang, the baſe. rg * 
the ſide BC is the Hy- 
bel, and A B the pex- 


Now 1 in the Triangle AB C, let 
there be Ok 6 dan paces, and 


BA p 
= 67 2 een wh: | 


P 4s: | 
As the fine of the angle arthe- pi a 
lar, is in rothe baſe 3 So iv th®t | 
fine of the angle at the baſe, to the pero : 


dicular, 
Now if you work: by che nacura} Sines,y | 

ns wor 1. tiply Fartbarwenbc «| - 

p the third, I "I 


(152) 
firſt; "and then the quotient is the fourth 
term required; and the whole work wilt 
Rand thus : 


As ſine the ang.at.che perpend, | 
A BC 67 degrees 40 minutes pognuee 


Is'i props portion to the baſe A C; 76 
the angle ar the baſe, 
A CB2z degrew 60. minutes F 3542993 


Cones want 


30743614 
| 23057716, 
44 | 2690067k 
The prodadt of che 24. zd: | 295 1387904 
Which div ided by 9232102, the firſt term 
_ given, leayceth in the quotient 3320 fer. 


Bur if you work by the. ana the jall fines, 


then you, muſt adde 


the Loga- 


| rirhmes of the ſecond and third terms; 


are ſubſtrat 
. and. what rc- 


LE: and from -thejc. 
| | of the- 
mainerh wijl- be the 


proportional, wherher fide or angle: 
the werk Randeth thus,” 


As 


I oem thee eahrogarals 


arichme of the | 


—— Aa vl bh” =” 


tb 
ed, BI7 Ul So aps? 'y gerbe; 
ſin 2 area fern, 3853612 
EN Jegrcy Fur Y13a2!: Le Goran meet 
c2pacs Fſitho 24, 


Thi Cook 
cane pp 
er remainer which A ns ee 


"Us enlardplo;" WA 2 oT #: 302d urls Wo 1 
ow? 2b:i1 to $mmut 22 ql 1: lake 
Sriumul til. ? oa IRIS. * 7 2 i 4 
-(1 5430 911g! od5 Harp birt 0255 
2eIo Ixia>dvy;{ aids bas ; [Nuns 
icy 
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gin rand; | 


ied rg this Way. of fo 12 | 


, ho ag peek; 
fides may 


of rheix oppolit®: 


ſent the: | 
E. er = 


Gn) 
" Hence it follbyves; that & you midkee aB 
the Radits, the baſe” w_ | be> 
ing given, fo 
w. be odlaryes chatted >) 7 
As the ot bake isin p 1th 

4 Radius: lon - Roa =erd 
angle*at th perpen at; for the per 
h r being made "the : Radiits ple 


cirele,' ir muſt of neceffiry-bear-rhe- 
portion unto Radms asthebyporhenu- 
£il Joh; when chatis in3d2 the MAUI 
theckcle 2 2h rhe} on. td 
Rifiits, the biſe miſt 1 


ipEpretent 


ypRN 
trouble of {q 


Lag 
all rhe caſes of ari p . 
gle may _—_— wayes2 thar is.” 
toſay, 
I, Ina c angled rriangle : the 


every of- 
TROY i 


angles 


fthe. 


(253) 
the hes Glen ures niger 


Radius, oye y IA «Candi [oo 
angle, or the 


= E rare . 


'0u 
a LACS 
ul ex 
nag meg Juris. s of the: 
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_ then 


So oRad, to the ſecant comp, of that arch S 
& ſois ONES of that arch, to his ſec, J 
” Alſo 


'- ——_— — —— — 


 Astherang,ofan atch'6r ang. isto Rad 
. $Sois Rad.rtothe rangenrt compt.thereof,| ., 


And ſo is the fine thereof, to the fine of| x 

| irs complement, N 
Laſtly, | 

As the ſeca nrof an arch or ANY 14 

. - os Rad: —_s the Tine com 8 

And ſo is r complement to rangent] = 

complement rhefcof, I 


= hp gpiroy * 0 op} an;V;4 


113 be : "entBFanyle-1, 0%, J8.L 55 2 
chgle i ghexer- 


minutes, and 


I 0000000 
oo "4 a I:1n2) 768. 
2 [nt'3 ſha s ; ni 0 507 03,D6keftot” 

therein BG ec: I—— 


s + 


22027 


(161) 
By, the. Arrificiall; 
| Asthe ſecant of BAC 41.60, 19.1264177 | 


b— 


Is to Radius ; 10.0000000 
So is the baſe 9768, 2.8853612 


138853612 
To the perpendiular 574: © 2.759455 
Secondly, by the naturall numbers, ... 
As the Radius, 10000909, 
To the co-fine of BAC 41. 60, 7477981 , 
Soisrhe baſe A B 268 
To the perpendicularB C' $741 


Byhe Artificiall,. - + 1.5? 
As the Radius . 10,0000008 3 
To the co-fine of B A C 41, 60, 9.8737343 
So is the baſe AB 768, 2.8853612- 
To the perpendicular B C 574 : 2.7592455” 


Thirdly, by che natural numbery, . 

As the co-ſecant of BAC 41.60, I506191 54 
Is rothe co-rang.of BAC 41, 69. 11363277,  : 
$7 is the baſe AB. | FS 

To the perpendicular BC _ $74: 

By the artificial. *- * 

. Astheco-ſecant of BAC 41.60.10.177585o2- 
Is to the eo-ring.of BAC41;50, 1ofI6645* 
Ss is the baſe AB j6Þ 27 2: -'3885 36754 


, 


- 
- 


Toth i BC 574 2.758457? 
aaa 574 by 4 


(162) 
COROEL ART. 

' Hence & is eviden, that Radius- is x 
mcan proportional between the fine of 
an arch, and the ſecant complement 
of rhe ſame arch; alſo berween the 
eangent of an arch, and the tangent 
of the, complement of rhe ſame arch, 

The ſecond Reaſon, 

The fines of ſeveral arches, and the ſes - 
eanes of rheir complements are recipro- 
cally propertional, char is, 

Asthe fine of an axch. or angle, is tothe 
rang another arch or __ —_ the 
. ecant of the complement of thar other, to 
the co-fecant of the former, | 

For by the foregoing Corollary, Radius 


is theamean berween rhe fine 
any ouch 5 co-ſecanc of the ſame 


Therefore, wharſaever fine is mulriplicd 
by the ſeeant of the complement, is cquall 
tg the ſquare of Radius ; forthat all re&an- 
gies made of the Gnes of arches and of 

fecanrs of their complements are equal 
one to another; but equal reangles 
have their fides reciprocally pro portional, 
bythe teath Theorena of the ſecopud Cha- 
peer. Therefore the fines of ſeveral arch- 
cs, &c. ; 1 
[1 


""< 163) 
The thizd Reaſon. 

The tangents of. ſevcrall arches, and. 
che tan of arcs lements are. 3c- 
ciprocally proportianal, thar is, ; 

yt egy an arch or angle, is.to, 
the rangent of another arch-or angle, ſ<is 
the £o-rangenr. of that other, to the, co+) 


bs CO NOns Corollary, Radius 
OT ec Qrolatry, | 
is hee eee harmwem Ho nag 
gent of every arch andthe tangent of his. 
complement, 
fore the Refangk _ of any 
tafgent, and <frhe rangemt of his come 
plement, is equalt re- the ſquare of Radi- 
us: fo that all re&angles made of the 
tangents of arches, and of rhe tangents of. 
their complements are <quall one- to: ano- 
ther, bur equal reQangles, &c. as before, 
To theſe three ceaſons a fourth may be | | 
added, For in the rule - of proportion 5. 
wherein there are alwayes four termes, 
three given, the ſourth demanded ; It js 
all one, whether of the ewo middle rerms is. 
p:it in the ſecond or third place. 
_ For it js all one, wherher 1 ſhall ſay 3 
Asz,to4; of, to10: orfſay, as 3, 
£; ſo 4, to 10: -antd from hence every cx- 
amplein any triangle may be varkd, a 


WEY 


you ſec the-reaſons of” varying the 
&7 propottionl, we'come Farting the 


you che yarioys proportions themſelves of 
the ſeverall Caſes in right-angled plain 
triangles; 


t 
r 


"Right a i fain rriztigles rax} be” 4; 
BH ErenCale, "whereef rien 
in w a {ide 13 require » Vix, thee 
' be nay 6h pep add thoſe, 
inwhich an angle is required, mY three, 
aiey be found by a doable prope. | 
-: CASE F.- 

The anger and baſe: given, te ſte 1 the-1 

64 i: Siypentigairs of 1 


' Firſt; As fine the anple ar the 
cular, is ro rhebafe : fo is fine the  —_ ar 
rhe baſe; ro the perpendicular, * © 
Or*fecondly;; thus: As Radius,” to the 
_ bife5 {6 ekngenrrbe angle at the baſs, to 
_ dxular,-- - 
irdly, thus :-As the rangent of the 


£ wok at the perpendicular, is ro the baſe :* 


{6 is Radius, to the perpendlcdſlar, 6 ti 


CASE 2,.,,..' 
p The ang and baſe given, 7 finds " | 
_— - bypothenuſal.,, . 07,3. ot 2? 

Fir ins fine of rho anglear the ppr-" ' 


p-ndicular 


$7 . y) 
pendicular, is < the baſe; ; ſois Radius, ro/ 
the hypothenuſaly :  , 

.Or-tecondiy thus 2 As Radius, & to-<&he 
baſe; ſo the feed at of, the has at the 
Pa ors Wea ——_ ga "Rl A FR 
 \Or thix yg : ASth 
angle at perpendicular 
ſoz the: rn of ane ae, he ge in 
Portion ro the hypothenu ulaL 

CASE 3.:: 
6 angles and hypothen uſal given, to fnde 
tht baſe” . 

"BR, As Radius; ro*the byperhenufiPs | 
fo the fine of the" "ang]e' ar the perpendicu- 
-lar, to the baſe; -. Or rb]. 

As the ſecant of, the angle at the bale; ro 


the:-bypothenuſ3J: ſo is Radiustvihe baſe, | 


Oc thirdly,thus:As che freaprofehe 
at the perpendicular, to the. & 
to the baſc, 


to the rangenrof the ſeme 
: tet A $4, 
The baſe and perpendicular Þ "hed, To. Puts 
"Firſt, Asille baſe, Ro Nah bags Yor 
of TD 


pend x, to rhe 
oo pode 7 Orfe ridly ly, yy 
icular, is ro Radius þ 


EY Cor the ogleatthe 
e baſe, to | amgenn © penal 


Perpendicular, 5 
: 


(166). 
Cxs2 F, 
The baſe and bypothenuſat given , to finde 
| $26 an angle, . 
r, As the hypotherufal, is to 'Radius: 
fo is the boſe go the ſine of th apple arthc 
"=" / ag Þ 
| Ge ſccondly chus, As the 'bafe is roR2- 
dius ; ſo isthchyporthenuſal, tothe ſerant 
of the angle atrhe baſe, 
CaSE 6. 
The baſe and perpendicular given, to fade 
. " tbe ypothenuſal, | 
Firſt, Gndethe-angle at rhe perpendicu- 


, dar;bychefourth Caſe : Then, 


. '' As the fine of the angle arche perpendr 
_ Gb. is Radius, ro rhe 


.-Orberwiſe by the Logaricomaraf bſolute 


ears, : 

., From the -dotblcd Logarirhme of the 

fide,whcther baſe or perpendicular, 
JubſtraRt the Logarithme of rhe Icfle, and. 
ro the abſoluxe number anſwering to the 
ce of the Logarithmes adde rhe 
| lefle, the half ſumme of the Logarirhmes 
of the fume, and the lefle fide, is the Lo- 
guritlime of the bjpothcaulh] aquired, = 


"(16)). 
'Yhe Illuſtration Avithmenicll. 
on the baſe be 768, and: the perperalicular 


The Logarithme of 768 is 2;88y J6r 


P—_ 


This Logarichme doubled is ml $7707 244 
Erom w® ſubſtr.che Log.of 320, 2.50\ 1500 
The remain, is the Log,of 18433 3.4655724 
To which the lefler fide being added 320, 


Te eEecef a | 
Logarinhme of 2163 is Y.33$0565 
The Logarizthme of 'y20is 2.505 dFoo 


The ſumme is 5.840208 
The half fumisthe Log, of $32.2.,9 202033 
which is the length of rhe 


_—_ 


Cast 9 | 

The and tan \ty ode © 

tas the perpendicular __ # , 

\ To foe ths Probl bythe Canin, | 
required le . | . 

by the 5 Caſe, r $a: p Seay, by 


__ "TOw$ 
and difference of the 'bypothendſal and 
fide given, balf the ſumme of thoſe rwo 
Logarihnes, | is the Logarirhme of che pare 
pendicular, or ſide-inquired, :- 


"Ax let the trypothen, be 832 : 
The fide given 769 Zogeriah 
The ſirtuve'ls 1600 32041209 
'The difference is 64 18061006 
Uo Ys de ze - 1 $,0193000 
The If ſum is theLogarith,@., cc 
gE:326ahe Gde inquired. 1 = =P * an 
The two, Axiomes following, 3re rruc 'in 
ll z bur are. chicfly intended 


for rhe ue angled; which pow we 
come to handle, pe 


IN © Df lava tlique angie __ 
\Ipsphingbligs ngled, triapgle, there 
Al the - angie nn} Vigiven,, (for 
| —— ven, the third ww given by 


one Bide, ated © e other 
Vas win ine hpi vligy 00:1 
one oF may be given, andthe angle 
Fe) tothe orher, with the third Aide are -1 


. emanded, In both which caſes che faſtAx- 
Tom is fully ſufficient, 3-Tyo | 


- IS + " "Fn, a p 
LY. 4 b 5 ">. .F , x. 
( : % *& - by 4 x , 'Þp A 
p mY : 


* oe age 


£8 Tt 


GENE we will lay down 
th's Llowing. 


The Vhird AXIOME, 


 Asthe ſutamg of the-cwo Ges, sworhelr 
of half che 


equaltond 2 


Em S. 


Inting the ww 
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"ow 
ig added roche half ſum 7Þ; 
the obwſc at B, ' 
1s: 704 s. 45 minutes ; and ubſtta&: 
ed'fromehe half ſughmie, it leaverh 53 de- 
- -grees, «2g; apes che quadtiry of the 
- acutcangle ACB | 
"Then finde cherhind Gde BC, the pro 

portion, choline o; 
m = 


c: Ne Herked 
ele ide AD; Xs is the ſine 


4 hen an leacA, tohis fide B C. 
4. And lat fly, ach ec fides may be 


may be demanded; - 
1 Forty of:me will toy down 
- this Axiome, - / 


The fourth AXI1OME. 


" deſcribe the Ek; nc 
; TIED 
duced to A, rhen is CA' the ſurnme 


WAIST BAand BD = | 
| A CF andans ef te) ets @. hs 


- 
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HD: 


Q 
: 
, 
: 


HD; the ri 


led, 


E- \ Pr | (74) 

® Conſeftary.. | 
"op Thr hore fides of a plain ob- 
+ lique angledrriangle being given, the 

| reaſon of the angles is alſo given, 

For firſt th ns ge —_ may 

| bereſolye 78 ed triangles, 

- bythis Azlonre, and the ter ane m__ F 
—=__y may be reſolved by t 


3 © Abend plain abli ed rriangle, 
: BCD, rake hel be giren, BD 
; "paces, 156 and DC 7y.paces, 
$- and eccheangle CB Abe reg uired, 
A irſt,by this Axiome, T refolee' it into two- 
® Friring Arp" thus: : 
= Asthe true baſe BD 189 | co.ar, 7.923533: 
> Isco the fum of BC & DC 3231 2.3636120 
© $o the difference of BC&ADC 81 1,9084850 
. nenucbak RO 99 1.9956353 
Having thus the true and the alrcrnatc 
@the lefler 59 fromrhe grear- 
z 2ad there refls and inthe mld- 


the angle arthe pe 
plement is the avgke at the 


n like manger may = 
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; AEb+# N is of Vets angled 
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IGAB be the. 
the third, 
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$6 The ine ob-the middle 


, and 


tmp, £D, and for ADB we wb 
ADB. Retberws fides DB a4 BY 


by ir ſelf is the middle. E 
a —— 


H 
bor anger < 


$. 


CEE EDD 
SAT. tv | - 


iangle ABD of, Che 


"0080 © 
KED 


| 4 mmngtyg ers 
equalto AB, and compl. LD w DB, 
and HLt6 ET On | 
oved before, Rangle 
'thiefine of A Band Radius, is equal rothe 
refangle of the of DB, and the 
co-tangent of rhe ar A; therefore 


” oo 

ef CAG: for we have- 
Reid wequaticothe cettangle of ſthecan- 
”  gemtof DB undehe coxatgene! of DAB, 
” but, bythe third of 'this Cha- 
| RGCwDB,anlcmpCAG : ' cont, 


» 


which x 
re DIETS 
of the mildieperr and Redinzog propor 
tional Pn coins of he exums 
diſ- jun&., bl middle part js ci- 
hc: emer te Ges, 00.0 bop brinG 
ine AY; rey noweady ," 


"Casn's, nba bus G1. "2 


54-03 2015-0 
Let the middle part be a fide : 2s in the 
rriangle ABD, jer DB be'the middle parr, 

compl. AD and . Athe Z - 
| —_ chen] fay thar.che. of 
fncof BDand Radius oIAD, wintns K 
nt 
fin of eb Chayeen ds 
mays ere fo iethe fine.of DR, 
| fine of the at' LA, 
recogle of ine of DB and 


RT. T”T®TuUoe” PP oe” TT CORR 


tothe reangle 
the qoragag of 


z _ - LerABChes gots 


- x _— : Q 
a St £ 


+» 


; = Y; 


DE: BREA and DG 
cf :rhe- 


wermes,..& 
A 2D G,.zoDB:; {os DBE or 
-— DB, DGB, , which was tobe demon- 


g 4 


ABC, ler chere be gi 


. , - 
- . thehvpo: 

E | | AB, and chic 

. , a an . AY 4 - 

aw [ 3 3+ 

_—_ - * ” ©; 

3, Lo4” } 4 mas wy «4H 
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(x93) + 
As the co-line of the perpendicular, is , 
Radius : fo is-the co-fine-of the bypade” i 
nuſal, to the co-fine of, the bfe, 

2, Letichere be given thebaſe 4 C, and. 
the angle at the baſe B AC, to fide the 
OS ELS BC obey. ſceond propa 
tion, t 

"AsRaius, to) ad 7 WE the baſe fois 
the rangent ofthe. _ open, to the” 


OE che we cular. 


by Radio the heat ch hyphen 
ſal : ſos the fine of che a che baſe 
ro the ſine of the erp 


(194) 
expiliotheſine of 4B abtedrothe fne 
the aG B. 

2. The cofine of 4 added ro Radius is 
equal co the co-flne of BC added to the 


6 five of the angle at B. 


” $3. Theco-fineof AB addedroRadis, 
- 4s cquall to the co-fine of AC added tg 
- to the co-finc of. BC, 
| 4. The co-fine of 4B added to Radius 
is.cqual to the co-rangent of 4,- added to 
rhe co-rangent of the angle at B. 
$. The coline of the arÞ addedto 
Radius is equaltotherangenc of BC, ad- 
dedro the of AB. 
6. The ſine © BC added to Radius is 
tothe the angle ar B 
to the ; of AC. 


(195) 
the fine of 4Baddedrothefine of the. an- 
gle arB, is rothe fincof 4C added 
| to ſRadius, if working by na-” 
.cural rumbers [ the fine of AB by 
che ſine of B, nd dire: the by 

Radius, the remainer will. be the ſine of 


26:7 ual work | ; 
from rhe flame of le nos -iþ 
£ ſubſira&-Radan, the reſt is:the. fine. of 
AC. 

, admir there were. giv 


and AC, 0 inde B 'then. yo aben 
rad uy 


yi We? 
| —_— A td Radiee i op 1 
t lines of AB and | » . hertars i work 4 
haps fb Te I. ; hens xi = 

q iS ._ Be 


MV 1 ; | 


4 - 


S 


(196), 
of AC and Radius, 1 ſybſthaQehe nc of B 
- the remainer is the line of. AB: and o of 
the reſt, 
 _ Whichthat you may the bertrer perceive, 
' Ihave here added in ge. words, the 
Canogs ar rules of, the proportions of 25 
things g Ven an req ined iſ —_ 'of rþe 
q fixceen Ss 'of a | che af igled bf Fexicall, 
ngle, as they ate colleticd: rom the 
RD. lick Propolition.” And hete the fide 
'ng tÞ6 right aogle we call-rhe. þ) 
rwa contzining 4 ; 
7 TN] call the- des, bur for 
rther : jaoks @l ons of theſe, 
Mraining Tir trers pot which) the 
vaſe, an to other the perpendicular, 


-he biſe ond le -- the baſt giver, 
Oq! 83. a2; PIO! 
mn J Kati, roche, 


' the -tah of the 

aſe. wo .the, wget 'of the 

3A le af the ehdicute. As Radi- 
Ef ol IN | ij I Ss 


$ahon 


Pak pos 
ponease's 


heavy + © + Ry 
" Ax rhie fineob-tbean- 
piearave aſe ws Radius;” fo the fne-of |) 


des an hee 


* The heads oh _ 2 the baſe 
giyen, ip fade. 


"7. The baſe; AzRa v 
LEE NY 


-baſes 
8. P 


wn angle x pergend) As ny 


q D244 g "A - - "= . 


& | hypothenaſal {> the 
- peat angle arche bake, tothe; now 
gene of; the angle arthe perpendicular. 


The baſe i perpendi cular given, to findt 


- Par vr As " 
| ; 25: agloaedheh wy A 


mie ee ng 


; The baſe and bypothenafel Lives, fo finde the. 
- -— 2; Perpendicalar,)] As. the coſine of 
F- che baſe, to Radius ; _ co-{inc of the 
tothe co-fige of ow 

F dicalar,. 


| cherm . Prekke 4] forthe co-2a Tor 
; of the al, ro thero fine 
angle EI Nee: oy 

the < uſal, der, {othe frac ef 


| the ;rothelie ef the nighe arch pr 


oo ' 
2. J 
* ws % n 4 
, 3 
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mauſtca) NT; r= 


(hve) 
' ABinbe midi ec BO and C are the - 
EXtreams z* vr the extreams > 


PEI poet 


arC, in the fuſt 
: _ LIE: as alſo oe 

Care clr 
eget : 84 


* of the iſc AB, tothe ce-fine; of the  by- 
ch mgaarayþ | di 

a c c c at tne [- 

eular A CB, Rate. fo is the ce of 

I * thebaſc A B, to the Gine of the h enu- 

| SIRE. The ke Rb It he 


Jus dof onions right 
| ſes: at Wo ne abr the 
| ohne ee Oe becauſc the. 2 4 
' E wh hn Sl * quadrancal rri le, ihe the 
"ped triangle adjoyning,, .. _ 
Alert ABCbea triangle rj c aj 
"kr. &, ang ler. one of the t 


the circular. 09 
angleABC :.'for CRT] 3s FH: 


! ang] vi 


'ther of Db ring NY 


, ; YO 
* 1 -'F i ite, 
' FF%- enrol tbe V+ 
#7: 5.1 I Ol 4C!S v23 
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Aly 20” 
22 (Font 2713 2s 0501 
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| Ak Ewa fra in 
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: anda I» . , | 
wikcialmmberzia herd rno 
reAangles of 'the nacucal, 


_ at 'A,. ang 
fide AC. Ifay 
© of cthe1aKChapeer 
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of cliigns, gies away” 
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Nan obliquang, 


nil, oF 
there are ps —_— two whereof 1] 
chart is, pany the zhings 


ings gin] 
& cecpg X——— Chapter. 5 
___.DCa3ki,: 


5 with # ſide rae *Pry one of ! 
En e oppe- - 
Ae to the of 


Two 


As the Fino &f- Five anghe a5 £14 


ay 

- LS, 0 
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E-/ | (564) 
0 "fine of 'kis oppobre'fide B © ſois the fine © 
- -df the angle arB, to the line of his oppe- 

f. lite fide WS » 


CASE 2, 
Twe.fides with an angle oppoſite to one of 
\ hex being gzven, to finde an angle op- 
poſite to th: 'other. 


* Asincherri angle ABC; teuthere be gi- 
ven the fides B LGand 6. with the angle 
atA, to finde the Shgle at B:.I fay then, 


bye the ff propolizipn, of | the laſt Lad 


* 
&a 
. 
#* 
= 


* ai 
A; ſo is 


; wg 


_— _— 


| RN G6A Uk ; bur i 
" yen the fideA © gonad 
' AB muſf'be _—— 


> AD. 


C509) 


ſerfall from one '6f the angles rs lis Ks op- 4 
larfalls | 


pokre ſide, which perpendies 


times within, ſomerotes' Wihou eheuE- 3 


£61 wth 
n oy pe perpendicular be let fall from #n: 
fil 


 obruſc angle, FE iefalleeh within; hutif i 
from an acute angle, ir falls withour che 
trianglet however i ic falleth} itnuſtdd al- 

| wayevo Toa known: 

Pr -berre?' direRi 


Fe perpenetnls Top bs pemeene eg _ 


- ent ro amgtirens © fail hype 


_ pendicular, 


Avin the triangle, AB C, SL A 


irate ; ahd the 


isrukethe ar muſt; | 


muſtfa[lfromtT- 
IEEE 
. ar e! 


* 5 
" - 
- - 
AT, a» idke firſt 4 
, a 
+ 
_ wy . 
1 +88 


wigs Ee 


70> _—_ tiiw e212: (4 


” 
i p 
- wT% 
| I 
p, 


bg 


"of Sa. py 
3 —_— 


Saran Hite the <bligue whe 
.AÞ Ciao whe angled trianp| to 
AE ABFan BIT. add inche = 


angikc.at;h, wo eche.baſe A F,for which 
 theanalagicghy the Carkolic 


—_— 
W- . of AB, coRadius: {© ' 
: Symon wb angie ar A; to the taw- 


| pr 
be 


(206) 


ABFuwycharcgiven the fide A B, and the 1 


k Propolitier, 


> op AF; ybhar is, may ſcvenrh cxſe - 
EEE 


(569). 
les (whichfor Enrey ur eee— he 
5) chere is given the H | 
angle atthe bake, may wowTar 
the baſe or angle: ar the propendiculec 4s - 
occaſion requires; by the fevanth or ninth - 
caſex of right angled — And. Urs - 
ische firſt operation, 


eh pes 


Ave. AIG Eee " 
| pram pace, AT- oy the me <4 
EXtreanns ; Tad fhereforeby 
Propofition. 


Radius addedto the co-firie of AB, be-- 
qual tothe co-fines of AF andVFF, 

Then in the BFC, if” _ - 
waegirenBFand F rofinde B C : BC 
will be the mid4ie pare, B F _— 
fire exrreames 3 an three by the 
thidlik Propgficiod, 


3N 
ts, 
aA 
- 
= 
* 
on 


[(-203.) 


e proportions, it followes, that. the co-. 
F ; AB added to the co-fine of FC is 
',cquaitothecoline of BC added to the co- 
- 6ne;AF. And therefore, the middfe, part 


in1 and the cxtream AF jn the 
kr :..orthus » git > ar 
1+ Asthe middle part in the beſt pjargle 
- is in pragorion toghe c middle alc PAIL 15 I 
cond : te qa ai ty the 


£ 
: 
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"Byte Carholick wopale it ond 
dentthat_ | a ins 
Rad. hABI A GED 


IT > Br + c5FC quis c5BG: + Rad 

Rad, + x AF Tis &- LE. 20h 

F B+ KC qualtsZs | 
Rad: 4 cr 8 Jr's wa 

SIE SAILS FE: na 

5 K+ wABF2 is ox « | 

4 FB + BC qualro] SEC 


© Then waking from ctherfiderangenBB : 
znd'Radius;' oreo-fineP'D' 
followes; by thefocttier þ 


*Li 
1. aa co ent - CF 
-2, 5 AF +! C:is.cquall $05FC + 


Ca, 
$3.65 A'+ fEBC iscqualitocs C + 
ba ABT cf: - ood 


)F6t keg and F Bare oppofige 
ckrants v4 Cc F inf FB urtt5 
oo Ih gebop AB; 
AF. oc cs 22S, 
CO EEESERS | 
CcO- Ws 

Fotitfufit,tb of finethe ſecord, And chip \ 


= 
: 
— .. < 
p - FY - 
" . 


" Y , _—_— a ev 4 
: Er Ce eee ——_—_ 


f&rvesfor thethird and ferenth calgy fol- 


-Iincof rheſecontl 3; fo co- tangent the firſt 


£52 that i nechefigc of ahe-&5ſt 


7: haigg Cp 0s. 


(210) 


And ſeeing that A and FB are adjacent 
cxtrenmmn AF ; Card FBores FC: 


2. ASSAF, twoiFC; ſoctA,troctC; 
char is, as the ſine of the firſtbaſe, r0 the 


«a © 


ri 4yhebaſe, roco- hen br aA ry 


qd vakruaey row tr phos | 
= wA, CB F and FBa: | 


3, As ABF, to $SCBF; fnerA, ty 


M thc + tothe fine of the 4b 
con ; thc &rit.angle at che baſk, 
to co-{ing the ſecond : which ſerves for the 


Sth andninirezſcs, 
Laſtly, fecing \Band FB are adjacent 
nc—_— ASE as BC and FB arc 


| ©BF: vicrefore, 


: - Sub £5 ABÞ ao-co CBF;fo, a 43; eoctrBC: 
is, war Ar "rhe per- 
SR fine the ſecond ; ; ocean 


pple en z 40 co- 
Ncond.. rhis ; 32257 the fixrb. 2nd. 


following, Ard this foundazi- 


.* 


(az) 
the ſeveral Caſcschercon depending... | 
Cal 3. ta 
T anil their contained angle giveny- 
We Ren Ee eerdinl flee 4 


4 +Y 
WO | (17) | ; " as 
ap Armando uy. 
obruſe, addexhenarch found ro. 
arch giyen, and rheig, aggrogate is 
ond arch, -, LT. 

Withour, and the” contained angle 
acure, ſubſtra& the arch giyen.from 
the arch found, che rempincr is the 
yS * 1y22 ( atch. >: IQ! 22? «A wh 
- c-Fhen, by she firſt GonſeQary 
ſay 5'asthe c6-ſine of 

-ſinic of the” fecond ; fo rhe-to-lineof the 
fuſt bypothenuſal, tothe co-fine of the (c+ 
cend © burthis we will illuſtrace by exame 
p'E. : 


 Lerthere be therefore given in che ob- 


cone angled ericg] rriangle XB C, the 
ce obarch' & 3$ es 47 minutes, the 
hdeAG74 , 84 minutes, and their 
contained -anglc B A C 56 degrees, 44 mi- 
nurtes, to finde the fide B C.- Now then ac- 
cording to'the rules given, I ler Yall che 
perpendivular BF, and ſo have T'two right 
angled triangles, the triangle ABF and 
Gerwiabgle BP Clnthereridfiple ABF, 
@e&have the bypothenufal AB! 38 b 
47 minutes, and the angle'arthe baſe BAF 
56 degrees 44 minutes,/ x0 finds the baſe 
AF. Fuſt thereforel ſay, 


As 


uſt baſe, x0tbe | 


0 413 s 
As the Radius 90, 10,000c 00. 
Is to the co-line of BAC 56. 44. 9 743576; 
So is the tangentof AB 38. 47, 9 .Joorz8' 
To thetangem of AF23. 73. 9.643714. 


Now becauſe rhe perpendicular falls 
within the xriangle, 1 RAP 23 de- 
grees, 72 minutes from AC 74 degrees, $4 
min, and there remains F C 51 degrees, 1 
m'nutes, the ſecond arch, Hence rs ae 
BC,1 ay; ; | 


As the co- Fine of AF 23-73-06, "hk 


Is t6 the co-fiteof FE 51. _ 
So is the co-finc of A'B38. 47. 
To the co-ſine of BC 57, $3. 5 pi 


2 Example, 


In the fame, niangle,. lerthere be giv 
the lide. AB '38 re ce 

7 degr. 53 mit\, and 
ABC 107 deg. 50 min; a Herth&(J 
be ſought. Fiſt, Jerfalf the» 


lar DC, and eontinue tbe fide, 'A _ 
ther! in (he right 1 SOS = 
there fk given f 4» | +: 
mini. vhe corhpl "A 
A BC; ifdthe' þ 4 1 


grees ſ3n minutes : to fnde BD, ſay firſt 3 
As 


: = 
j 4 
«. of 
PR 
"& 
—_ 
v., 


(#74) 

AstheRadius 90, 10 ,090009 
Isto the co-fine of DRC 73.40, 9.480339 
. 02.47 phe Imp $7.53, Napes oy 

| Tothe rangearof BD 25, 42, 9.676853 


Now becauſe .the pe ar falls 


michour the crangl, a rg worker 
angle obtuſe, I adde BD 7 Rene 43 
minutes to 4 B 38 deg, 47 min, and their 


ends deg,$89 min, rhe ſecond 
hencero inde A C, I ſay, 


AagheaoTc of BD, 25. 42. 0.044333 
} - br co-fine of 63, v9. 9.643547 


the eo-fincof BC 57, 53, 9.729859 
Tothe co-line of AC 74. 84. 9.417619 


3 Example, . 


Spano? phy 
ma, t e AC 74 
| Ef as contained dels 


93 min, and ler.the fide AB 


+ - (275) 
As the Radius 90, 10,000080 
Is ro the co-ſinc of ACE 37, 92, 9.895005 
<0 is the rangeenrof AC 74, 3g. 16.567128 
To .the tangenrof EC71. 5, 10.464125 


Now becauſe the | falls 
without the triangle, and the contained an- 
gle acute, I ſubſtra&rhe arch given BC 55 
degrees 5 ; minuves from E'C 7: s 
minures, the arch found; and: do» 
rence #3 dry, 52 min, is-E B, the ſecond 
arch, Hence w-finde AB, I ſay : | 

' T ; . 'J MoS 
Asxbe co-linc of E'C 71.5..co,ar, eqbh46. 
Is to the co-ſfinc of EB 13.52, 9287798 
So is theco-fine of AC 74.84, 4174997 
Toxhe coſine of AB gE. 47, 2.393353. 


'rangens of rhe: o 
-rangeae .of the-baſe, etdanftarch:; which. 
being added ro,er ſubſtrated fromthe baſe 
Liven, according tothoſe direRtions given 

inthe third caſe, giveth the ſecond arch; 


then by the ſecond ConſeAary ef this Cha 
per, OpOrtien Is 2 | 
Asthe {inc of the firſt baſe, to the fine of 
the ſecond: ſo ;s the co-rangent of the firſt. 
_ at the baſe, to the co-tangent of the 


26:42 8 £2OI0PE 
Thasjf there weregiven, as in the firſt 
example of the laſt caſe, the fide AB 38, 
degrees, qymuinutes, the.fide AC 24.dc-. 
grees, 84 minutrs, and:heir concreined an», 
oe 4 C 56 degrees, 44min. and ACB, 
che Ungle fotghr,” the firſt 6pcravion' will 
A all berhe fame, and AF 23 de- - 
feT, i inaees; the teſt arch, FC 51 de 
gz minures, rhe ſecond; hence*to 
finde the angle ACB, 1 ſay : 


 A&chefine of AF 271ys. ct :af95 486; 
+  TothefineofF Cyr,us. i: ihg3g1 37 
» Soistheco-tang.of BAC 56. 44.9.821771 
5 the co-rangenrof ACB 37.92 t6;109494, 
*Thensbring'no other variation/in. this 
cafe tlicel har hagh-deen thewed; in; che 
Siad <5 wad pot ran 5 Fn 
"£4.48 U [2,00 Ps I 4. | 


RIS 21253: - '-< Caſc 
. , 
. - ' Oh Y 3, : + 
» 


: 
- 
. 


» 


- (617) 


Cas 5, 


Two angles, and the fide herweenthew 
to finde the third angle, re 
Firſt, by che ninth caſe of right d 
ſpherical rriangles, the 's PR 
Radius, to theco-ſinc of ypothenulals 
ſo the rangent of of the angle at 4 or gn co 
the ent of che-angle ar the petpeny 
dicular, w to, or ſubſtxa- 
Pa re other given angle, 9s; 
_ IR dire&ien, giveth che [c+ 
* Within the rriangle ſubſtraſt 
the angle found Gromm the angle 
given, the remainer is-the 
arch, 
If the | Withour, axid bork the angles 
perpen < given acute, ſubſtraR rhe angle 
Maa Fes from the angle found , _ 


© remainer is the ſecond arch. 
Without, and one of the angles 
SS obruſe, adde rhe angle 
who nagar & their 
the ſccondarch,” 


deal [aber il 
angle arthe nad, we | 


. A _—_ I 
LISA 


» 


3 we 218 i») 


F J ſine of the ſecond angle ſound : fo is the 


” - minutes, to inde the 


co-{ne of the fuſt angle dt the bale, torhe 
69-line of rhe ſecond, 


Bobs 2 1 Example, 
. $5 che _—_—_ ABC, ler therebe given | 

__ BAC 56 degrees 44 minures, 
= C 'ro7 degrees, 60 minutes, and 
the fide between a A B- 38 degrees 47 
angle 4 CB. Firſt 
» tet OE ndicular BF, and then 
- inch tight angled ſpherical triangle ABE 
bk ww yore are known the angle at the baſe BA4F, 
ongle nee pope pothenuſal 4 B, -ro inde che 


» pepeadicula ABF. Fiſt, 


pate Radius 90, '  11#,0090c0 
o the co-lige > A [9.h, 47. 9.893715. 
So is the tangenr $6.44. 10.178119 ' 
To he (Peg £ocba of ABF4c.28.10.c71954 
' - - Now becauſe the perpendicular falls | 
on the Fangs herefore 1 ſubſtract the 

ound ABF.40 er minures, 
—_ ABC 107 degrees .6o , the 
off Bs , and their Re 67 dgr- | 

e #ngleF BC; the ſreond arch: 
9 ohne angle KOT, T fay z © 


"a 


$3 1”) by 
As thefine of ABF 40. 28. £0.07. 0.189487 wy 
To the fine of F BC 67, 32+ 9.965047 - 
| So is the co-line of BAF 56, 44: 9474357 
Tothe co-fine of ACB 37.92. 9.899939 * 


Let there be be gin, en, as -befare, the two | 
engles BAC ABC, withrhe-fide-be- 
tween them A B, to nderhe angle ACB, 
and lexche perpendicular EA, ot 
fdc B C becontinued ro E,then in the right 

| AEB we have known the. 
by uſal AB 38 degrees, 47 minures, 

age baſe ABE. 22: de- 


gee fo mimars che complnans of th 4 


obruſe, ABC, 
| E AB." Fuſtthen 1 ſay 2 
; As the Radins 99, ' 10,000000 
| To the co-fine of AB 38.459, 9.393725 ' 
So is the rangens of ABE 75, 40, 10.49864T - 
Tothe AS. of — ans 3 


«<., 
© . 
: . 
©: ax 


(230) 
"'And becauſe the perpendicular 'falls 
without the triangle, and ene of the an- 
pies _ obruſe, -I adde the angle found 
AB 22 degrees 6. minutes to the apple 
givenBAC 6 degrees, 44 minures, and 
their a te 78 degrees 5o minutes is 
the angle E A C, the ſecond arch; and 
- og finde the angle at C, I ſay, as be- 
re, | Woh 
As thefmeof EAB 22.6, co.47, 0.425300 
Tothe fine of E.AC 98.56 9.99119 
So is the co-finc of ABE 72.40, $.4%0538 
To the ce-fine of ACB 37,92, 9.897033 


3 Example. 
| '-Lerthete be given the angles BAC 56 
degrees 44 minizres, and AC B 37 degrecs, 
92 minures Ae their anno the ae 
74 degtes » 84 *minures, ro finde the angle 
ABC, terfall the perpendicular C D, and 
let the fide A B be continued to D, then it 


the right angled le ADC, we have 
bao he Eypacenaa A C, andthe a: 
gle arthe baſe D AC, ro finde ACD; fuft, 


I fay; 


| (221) 


As the Radius 90 10,020087 . 
To the co-fine of AC 94. 84, 9.417487 * 
So is the range of DAC $646.19. 199339 
| Tothe co-tangent of ACD 68.48, 9.595734 + 
Now becauſe the perpen x 

without the triangle, and both the angles 
given acute, therefore 1 ſubſtraQ the jo 
givenACB 37 degrees, 9% 
the angle found A C D 68 degrees wn 
nures, and their difference Pens 

minues-is the angle B C D, the ſecond 
arch, Hencoto finde the rogl CBD.L 


ſay, as before z 


As the fine of ACD 68.48, co.c7, 0.031383 -: 
To the fine of BOD yois6. 9.7 6240 ' 
©$o is the co-finc of DAC 56,44. 9 TAY 


—_ - 457 


Two angles and the hours thn gives | 
” to fndethe other far, 


\ Firſt, by the nloch eaſs of 
Meer I fa , as before BY | 
z 0 


an tg the hyp 


p- (222) * 
* from the other angle given, according to 
- thedircMlonof the fift caſe, giveth the ſe- 
cond :ch, 

. Then by the fourth ConſeQary of this 
Chapter, As the co-fine of the firſt angle | 
ar the perpendiculaf, rothe co-fine of the 
ſecond ; Þ ts the co-tangent of the firſt 
hypothenuſal, to the ce-rangent of the ſe- 
cond, 

Example. 
Tf there weregiven, as in the firſt exam- 
*. ple of the Jaſt caſe, the angles BAC 56 
- degrees a4 minures, and ABC 107 degrees 
6o minures, with the fide A B 38 degrees, 
47 minutes, to finde the fide B C. The ficſt 
+ . Opzration will be in all things the ſame, 
- and thefirſt arch AB Fqo degrees, 28 mi- 
Autres; the ſecondarch FBC 67 degrees, 
; ——com_—_ Hence to finde the fide BC, 

- Ilay: 2 
” Azthec2-fihc of ABF 45.28 c0,47.90.117536 
To theco-finc of FBC 69,32, 9.5861:9 
+ So is the corangent of AB 3$,47.,10,29986% 
- Torhcco-rangent of BC 7.53 9.803517 


Cavk 7, | 
Two fides with an angle oppoſite to one of 
them, to fiade the thixd: fide, 
Firſt, by the ferenth caſe” of right _ 
- " a - P - 


(223) "AY 
ſ api he les I ſay ; As Radius, to ©" 
the co-line way eh d 
the cage f the 


4 por to 
rangtnt of the baſe, or — a 
Then, by / the fight ConleRary pf this 
Cha prer, the analogie is, | 

' As the co-ſine of the faft bypodicobfal 
to the co-ſine of the ſecond ; ſo rhe co-fi be 
df rhe firſt arch found, to che co-fine of the 
ſecond, Which being added to of ſubtra- 
Qcd from the firſt arch ſound, accordihg.w 
the direRion following, their ſurs or EE 
rence-is the third ſide, - - 1 


3 ({ Wikintherriangle, adde 6% 
ketarch found ro bean os F 

an a ggregare is | 

fide required, | 

If the | W.thour! & the angle given © 
ovens 2 ruſe, ſiibſtra& the Bri EH (Oe 
dicular | from the ſecond arch foun A 
j what remainerh the Fe. | 


cure, ſ{ubſtra& the: arch | 


| Withour, & the given anglea- 


found from the Grit and what fe- 
. . (oainerh is Yn 


3 Example, 


In the oblique angled rriangle ARC, | 
| p Ie 


< 


AER 

To (224) 
lerchere be giventhe fides AB 38 degrees, 
47 minures, and BC 57 degrees, 53 mi- 
nutes, with the angle BA C 56 degrees, 44 
minutes, and ler the fide AC be d, 
Firſt, Llerfall the petpendicular BF, and. 
then in the right angled triangle ABF, 
| wehave} hypochenuſal A B, and 


oe ear the baile BAF, to finde the 
aſe AF, for which 1 ſay : 

As the Radius go - 10,000800 
To the co-lineof BAPF 56.44, 9.542576 


So is the tangent of ABg8, 47, 9.900138 
Tathetangent of AF 33-72, 9.641714 


= Secondly, forF C,lfay: 
As the co-fineef AB 38.47. £0.47, 0,10627f 
- Totheco-fine of BC 55.53. 9.729859 
: Vols theco-finc of AF 23.73, 9.961669 
©  Tothe co-fine of FC gr.tz, 9,797893 
| _- Now becauſe the perpendicular fell 
- withinthe triangle, cherefore 1 adde the 
'  &rfkarch found AF 23 73 minutes 
.to the ſecond: arch FC y1 degrees 
12 minutes, and their re 74 degrees, 
$4 minutes is 4 C the fide required, 


' 3 Example, 


, Inthe ſame triangle ABC, ter there be 
OO gieen 


18y . 4  _ 
given the fides ABYyyv degrees, 47 minutes » 
atid A C 54 degrees #4-minutes,, and- the 
anglc A B C 167 degrees, «o minutes, ' and 
kr BC be required, : Firſt then, 1 Jer fall 
the perpendicular. 4 E; and continue the 
de B C ro E, and then inthe righrrangled 
rrxangle AE B we have given the fide 4B 
38 degrees, 47 minures, and the angle ABB * 
72 degrees, 40 minutes, the-complementof *: 
ABC,rto finde E B: for whichr 1 ſays + : 


As the Radius go | 10;000006 | 

To the co-fine of ne 73.40. err \ 

3 So is rhe rangenr of AB 38.47, $9.90m38- 

Tothe rangent of EB 13, 51.” 2780676 | 

| Secondly, ro inde E C, 1 ſay:  .. 

As the co-fine of AB 38.47.co.a7; oor 
s 


Toxhe co-fine of AC 74.84, 7497- {* 
| $13” -- 
9-932587 2 


Uq 
r 
: 
8 


3. Example, - 


wo 


oe _— 


% 
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: 3 Exampl:. 

In the ſame triangle 4B C, lex there be 
given the fides 4 C 74 degrees, 84 minuees, 
- andBC 57 degrees, 53 minures, and the 
- angleBA4C956 deg. 44 min, to finde the 
fide AB : 1lerfall che perpendicular DC, 
and continue the fide A Bo B, then.inthe 

right-angled —_ ADC we hare given 
the hypothcnuſal A C,,and the angle ard, 
ro figde A®, | 

Asthe Radius 90 1c.,09c000 

To the co-finc of BAC 56.44, - 9$-742576 
Sos the tangent of AC 74. 84. 10.567119 
To the rangent of AD 63.89, 10.309695 
'» Secpndly,to findeDB, I ſay: 
|. Astheco-fincof AC 74.84.,0,0r,0.582503 
" Tarthe co-finenf BC 57, 53. . 9.729859 
> Sois thoco-finc of AD 63.99, 9.643547. 
To theo fincof DB 25.39, 9.999999 


- Now hecauſe' the perpendicular falls 


acure, therefore 1 ſubſtra& the ſecond archi 
found DB x5 degrees, 39 minutes, from the 


andrheit difference 38 deprees' Fo minutes 
# AB, the Gde requib O02 


 iftarch'found AD 6z degrees 8g minutes, 


” 


without the triangle, and the angle given. 


227 
Caszs | I 

Town ſedes with an angle oppoſite too nenÞ 
them being grocn , bo ey - * rem cou" 2 
tained angle. oe - 


Ficſt, Aebrurwe: w of right 2ng 
ſpherical rriangles, I-fays, As TD 
kt AE byporkenaal 
rangentof the angle arthebaſe,aoulit 
rangcnt of the angle ar:the piper.” 
bo the tourgh- Conſcaary. of 
Cha the haart , as to 
| As the, co-tangene of che. firſt, hy > .-J 

nuſal, ro the cs-rangent of the EE 
l the co- kne'of 'the firſt angle arrbe 
dicular, tothe co-finc of rhe ſecond: | 


being added to,'0r ſubſiratie dfrom rhe Grit = 
arch found ,- accordivig to the direRipn of | 


the fremb en ginnh che =oglc ſonghts ; 

"Examplt, © 2 aire OS 7 

If there were given; «s in.the firſt exam- 

pic of rae laſtcaſc , rhe. ſidez AB, 3 * E, 
E 

& the | 


«a 


47 min, and B C:57 deg, 53.min.. w 
angle BAC 56d "Fay 'To 
obruſe angle al 


BF falling 
tight angled eel 
+ kn ok 


n 
_ 


: a +4 


'% . = 
4 RL, Sake age ADE, I fay- 
' then 

As the Radius 90, ' 10,000000 
DN nco-flas of AB 38. 47. 9893725 
Sq is the tangent of BAF 56.44. 10, 198229 
Rein of ABF 40.28, I0,>7T954 


Secondly, to finde FBC, I fay : 
Aegan of AB 38. 47. 9.90013F 
Tothe co-rangenr of BC 57.53. <> {O 

1464 


So is the co-fine' of ABF 40.28, 
To checo-fin of FBC #7 33. 9 5 586188 
falls- 


Now: kickaſs) the 
within the rriangle; 1 adde; the firſt, arch 
found AB Þ 40 25 minutes, tothe 
ſecond arch FAC 67 degrees, 33 


. (icures, and. heir is 07 degro® 
| Comin, the angle AB _required. 
m3 7 +1 /Ca3h g.. | 


les and « fide oppo 
PROG 
ds _ #neÞe- 


te to-oxe of | 
nx . 


gle arthe baſe, to the c6-' 
le ar the lar,. 


d 


NJ x ken (229)... --- os 
ter,, the propoit.of is, £s ric co-finc of 
che farft angle ar the baſe ; roche co-fine of © 
the ſecond ; ſo is the fine of rhe firſt * "2 
at the perpendicular , to the fineof the fe 
con : which being added eo, or ſubtra- 
ed from the fuſt arch found, according to 
the i.eR.on following, Their furmme or * 
diffcrence is the angle loughr. . k4 


Within the triangle , adds. 
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Yothe rangenrofBAF,S6.44 10.178329 
To he corrangent of ABE, 40.28.10,071955. 


-.  Sccondly, to finde FB C,1 ſay, 
As the co-fine. of BAF,r 6. 44 0.257424. 
" Tothece-lincof ACB,z7.92  9.8970a5 
” , Soistliclineof ABF,qo.1& — g,v10584 
* . Tothe fineof FB C,67,33)  * | 9.965013 


 e< 3 Now becauſe 'the p icular fals + 

- withinthe Triangle, I adde the. firſt arch 

 foundABF godcg, 28 min, to the ſccond 

arth found F B C 67 deg. 32/mis, and their 

 - appitegare is 107 deg.So minghe angle ABC 
rFeuiredil i 2 14 


IP 2. Example, | 
+.  Inthe ſame Triangle ler there be given 
. theatgleA'CB 37 deg; 93 min. anda B C 
- F07 deg.co min. and, che fide. AB 38 deg. 


A the angle ac A, to linde thi angle ABF, fo 


which Hay, | 
As Radius, go deg, © | 40.000000 
| - Toco-fmcof AB, 38. 47 9.8926 {7 } \ 


— 


i E, NED 1 £2 
ALB webare known 
; C the 


| Syktabglet waangle 
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the Hypothenuſal AB, andthe 
72 deg. 49 min, the complement 
to inde E AB, I ſay then,” Ay 


$7 As the Radius 90, 10, 
To the co fine ot AB, 38.47 98937 = 

| So is the tangent of ABE, 73.40 10.49T3t 

Tothe commu of EAB, —_ "205395367 | 


Secondly,ro finde E AC, I fay, 


As theco-finc of ABE, 73,40 © 0.519463 
Tothe co-fine of AC B, 37.93. 9.$975604$ 
$6 ifrhe fine of EA B, 2246 95946909 
y TothelncofEAC 78.49 * - ge9yra66 


+ "Now becauſe the perpendicular fills 
n———_— the age | 

the given fide acute, | ſubſtra firſt 
ed E-A B 22'deg, 6 min.} framrhe- © 
ſecond arch found-4 49 min, and 
their difference 56deg.. WR has an- 
gic: BAC 9 


p24 — þ 
fri 


; ABC, lerthere be | 
y oy A A : 
1 69 nfs 0 7 


ABE 


- -il4565 5c: 4 
” rhe rightangledrciangle AEC, wehare 
| knowi:che bypothenuſal A C, and the an- 

gle AC B, to findethe anglcEAC, -- 


| As the Radwus 90, 10.000000 | 
Tote co-ling of A C, 74.84, 9.417497 

0 is che tangent of AC E,37.92 $.891559 
To the co-tangent of EAC, 78.49 9.309046 fy 


Secondly, to finde E A B, I ſay, 


Azstheco-fine of A CE,37,929 oJoygf (9 
Toche.co-finc ofAB E,qz.40 - 9.48053Þ 
So 55 the fine of EA C, 78.49! . 999117 4 
Toche line of EA B, 23.6 . 9-574798 | 


©v© v0 0ng ” ' 
wo»*7. DB. voi 0000, I 


LJ 
from 
jeg 49 is, end her ference (OG, 
43 min, *orhe angle'B AC required. 


Cast 1o, 


"3 rhews 
I pom fa Sow 


44 mn. EACB 3 Ann axager 


— fade che ide : 
Cp rare Hee ; 


_ AA | SN 
in tangled triangle B C F,me have 
known pay oF ous BC, andthe an- 
gle F CB, to finde the baſe F C: ſay then, 


As the Radius, yo 10.020000 
Is to the co-ſinc of FCB, 37.92 9.89780cy 
So is the tangent of B C, 57.53 10,196314 
Totherangentof FC, 5r.tu 106,093319 


Secondly,ro finde AF, 1 ſay, 


As co-rangent FCB, 37.92,c0.47. g.gorſs9 
To co-rangem of BAC. 56.44 9.811977 
Sois the finc:of FC,51.11 9.991176 

To the fine of A F, 23.7 » 9.604506 


_ Now becauſe the perpendicular falls 
within the Triangle, 1 adde the firſt arch 
F C 51 deg, 11 min. to the ſecond arch AF, 
23 deg. .73 min, and their aggregate is 
| 74 deg. 83 min, the fide A C requited, 

E. CasB 11, 
The three fides given #d finde an angle, 


The ſolution of rhis and the Caſe follow- 
ing, deponds upon the Demonſtcauon of | 


| this Propolirion, 


As the R-:Rangular figure of rhe fines of 
the fid:s comprehending rhe angle requi- 


" red ; Is tothe ſquare of Radins ;- 


(233) 
- Sois the R r figure of the fine? 
of the difference of each containing fide ra” 
ken from the half fumme of the three fide® 
given; To the ſquare of the finc of half che. 
angle required, - <7 
Let the Gider of the triangle ZPS be 
known, and let the yerrical angle S ZP be 
the angle required, then ſhall Z S rhe one. 
be equal Z C. In like manner P S the 
baſe of the vertical angle ſhall be cqualts 
PH or PB, then draw PRthefincaf PZ 
and C K che fine of CZ or 2 5, Divids, 
CH into two cqual parts in G, draw the 
Radius AG and ler fall rhe 
PA and C N whiels arc the f the 
acches PG and CG, The righe line E V; 
inn SC erate? he Kot 
circle, and S C the verſed of the 


io ateſs,rhen if REED 
parallel ro $ Ne 
ſhall alſo iſe the » Tak cr 


by the 15th, of the ſeond ah and RM b&-. : 
ſetting TPinR, and ils pally" | 
T X, ſhall for the ſame.reaſon P Xin; 
M, andthe «ri nes O93 and, OE! 
faxll be Lite,as alfo the 
R PM are like; and|Z G ey een, 
the haF ſfamme of the Gree Sa ects © | 
nhich thos Ipcove. Of apy three unequal,” Þ 
quan- 


(236) 
ities given, if the difference 6fthe two 
ſeller be ſulraed From the greateſt, and 
halfthe remain:r added to the mean 
ciey, the ſumme ſhall be equall ro half rhe 
fumme of the three unequal quantities gi- 
ven, Example, * 
| Lerthequantiries given be 9,13, and 16, 
rhe difference berween 9 and 14 is 4, which 
ſubſtraced from 16, there remainerh 
' _ £3, the half whereof is 6, which being ad- 
nmr 5 de "9', — = 
| Requa iries Now then in 
Diagram PC is the difference of rhe wo 
lefſer fides, which taken from P H , the re- 
mainer is C H, the half whereofis C G,anl 
CG addedto CZ, the mcan 
pike je x ? ids of a6 gle 
__ required, from ZG- che half ſum, theip 
A ce will be PG , and if we fub- 
 firat ZC the other fide, the difference 
| will be CG. aftly, let the arch LV 
be” the meaſure of the vertical angle 
PZ S, andrhe right line O Q biſe& the 
lines E Y andTV, andthe right line AQ 
ptrpendicnlar ro the right line V;, \biſc&=- 
ing the ſame'm Q, I fay then,” 
'As the ReQangular figure of rhe fines of 
the fides PR and CK, io30the ſquare of 


(2337) hy 
AC: fois rhe Reftengualer fgets of Bs \ 
difference of 


ſines of rhe —_— 


Gde caken from the half ſurame , 
PM and CN, rtethe fquare of V Q the 
fine of half he venical angle SZ ÞP. 


wiangles TPX and SCH are equity- 
pled, of rheir equal anglcs arP ani _ : 
C arT and H, the angles T P X and BCH Id 
are equal, becauſe of there parsllel tides = 'S 
TI Perks, HC chal, beau | 
"PTX and SHC are eqns 

arches PECK and Try 

thus be proved. PB and == 


arches PG X' and BB 
the double meaſure of thoſcang 
otratlics, PCand'HX are ry. | 


= 


| (138) | 


* "aſc of the 
and therefore CX is equal ro P B, 'and 
C P' being'eommon to both , CB muſt 
necds' be equall'ro P X, Now then, as 
'TP, w-F-X; ſo is CH, ro C S: and 
2s PR to PM, fois CN te CF, anda 


line drawn ftom F ro L, parallel ro AK, 


ſhall curche fides AC and CK proporti- 
onal by che 15th, of the ſecond ;8 therefore 
as CK,roCA; fois CF, roCL : andbe- 
cauſe A Vequallro AC, the Radius of 2 
t circle is proportional ro C K, the Ra- 


| >> and VO Q arc like Triangles, by the 2 
- of the ſecond; therefore, as A V, ro V 0 
foisVQ, roVO: and Þ the foftangiont 
. ons VO nn ares to the ſquare of 
E- - from which proportions this propo- 
I tion may be thus deduced, » > 


” © PRIAS 
L, ©». ÞM 4 


© "And dividing the rwo laft reQangles 
CF, the proportion willbe ; 7 


PR 


parallel lines PX and CH» 


ws of a lefler ; ore, asCK,roAV; 
ſo is CF,.to VO; And becauſe VAQ 


s (239) 
PRzCK And becauſe VO in'V A's 
equal ro V Q ſquare 3; there- 
fore.if you multiply EN by 

V A,the ion will 


% 


PR»CK, roPM n VA;ſor 


CN »*VA,oVO «VA cqulw VQ, 
ſquare, which was to be proved. 

If then the three fides of an oblique an- 
gled ſpherical .rriangle.be given, and an 
angle inquired ; do thus ; | 

1, Take the fincs of the (ides —_— 
hending the angle inqu'red, Or the Le- 
garirhmes of rhoſe lines, 

2, Take alſothequadrat of rhe Radins, 
or the Lo richme of the Radius oubleg. 

3. Subſtra& each fide-c 


th:ec lules given, and take the finesof 


differences, or the Logarithmes of rhoſc | 


fines, 


'* 4, If the re&angle of the divide the bi 3 
re&angle of the ſecond and third, the" fide 2} 
of the querient is the ſine of half cheangje 1 


inquired. 


Fditthbe WR crhmebf the F 
firſt be deduRed from. theLogs- Þ 
rithmes of the ſecond and: third: wbe hatf 

difference is the Logarithme of beIf 'vhe 8 
angle pught * 15» Soon: 


_ 


' 7 

" =" 
© ” 
- 


_— o 
- 
"Y 
- 
F 3 
- 
a+ 3 
4 
- 
. 
4 


= 
- 3 w 


7; 
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Arithmeticall iluftration by Naturdll 
Numbers, 

In the Oblique angled Triangle SZ P, 

havingche 
Sides P'S, 42 deg, 15 min, 
PZ, 30 o0 

' And SZ, 24 wi 

To finde the angle P Z S, 
Rs EA Sine, 
The fide P « zodecg. . £0000 
The ide S'7, 34 deg, 7 min, 40785 


> The faftus of the Sines 2039250008 


-$Quacrarof the Radius  10000000c00 ' 


| The of the ſlides 96 deg.223 min, 
awry) hk 4s 112 
hb S. | Sines, 


_Thedifferent | eof Z$ 24 de, 4 min, 40737 
"The difference 'of PZ 18 11 zlobg 


# 4 ». 


, 3Facus of the fines 1266268908 


- Which being wr rc e's ſquare, 
- 208600,00660,and divided by 203g 250000, 
/\the quotient will be 4209 483177, the fide 
- whereof is 78802, the ſine of 52 deg. w 


doubled is 104, the angleP Z'S jnquires- ; | 


Mk Aa ues Xt. _ mma 4 Aa 


(G41) 
Arithmeticall iluſtration by antificiall 
numb 


Gs, 
The fide P'S, 42.15. Log er Sine... * 
The fide PZ, 3© 9.693970 © 
The fide S Z, 24.7. 9.610503 
Sum n of rhe Ges, = 2 19:30907 


LE 


The halfe ſam, 4 48.11 

Diff, of ZS andthe half ſun,24.4 9.609993 
Dif, of PZ & the half ſum,18.11 9.492540 
The doubled Radius ._ 20.000030 


39,102533 
From which fubſtraQ rhe ſum | 
of the Log.ofthe ſides, BS,PZ 19.309473 
There doth remain, 19.79 3060. 


' The halfe thereof, 9.896530 is the Lo- 
garichm of the fine of 52 deg, whoſe double 
104 is the angle P Z Singuired as before, | 

Or if inſtcad of the Logarithms of the 
fines of the fides ZS and P Z, you cake 
their Arichmericall complements, as was' 
ſhewed inthe 8th, Propatiinn of rhe 4th, 
Chapter, and leave our the doubled Ra- 
dius, the work may be performed RR; 
Qion in this manner. 


(243) 

TheſideP Z, 30 £0.47, 0.301036 
' The fide ZS,n4.97 Cc0,a, . 0.389497 
Dif.of ZP and half ſum,18,1z 9.492540 
Dif. of Z S and half an,24-4 . 9609993 


The ſumme is 19 793060 

The halfe thereof 9.896530 
Isthe Logarichm of the line of 52 deg, as 
before. 


CASE 13, 


The three angles of a Sphericall Triangle 
given, to finde a ſide. 


- This Caſe is the converſe of the former, 
and co be reſolved after che ſame manner, 
if ſo be we convert the angles into fides, 
' according to the kfth of the fixth Chapter, 
For the two lefler angles are alwayes equal 
\ ume two fides of a Triangle comprehended 
by che arkes of prear © Cicles drawn from 
their Poles, rhe rhird angle may be 
greater then a Quadrant, and therefore 
the complement thereof ro a Scmicircle - 
muſt be taken for the third fide. | 

PG nee le being found , ſhall be one of } 
three hides inquired. | 


As 


(244) 
ef the triangle LM K being thus converted 
into ſides, if we reſolve the triavgle ABC, 
according to the precepts of the lag Caſe, 
we may tinde any of the angles, which is 


the fide inquired, 


Illuftration Arithmetical , by the 
Artificial Canon, 


Let the three angles of the triangle LMK 
be given. | 

LMK, 104 deg. or the complement of 
D KI, 76 deg. cqualtoAC, 

M LK, or the fide A B, 46 deg, 3o min, 
-"L' MK, orthe fideBC, 36 deg. 14 mb, 
To finde the fide ML, or the angle AB C. 


ACzy6. 
The fides CAB 46.30 9.859118 
BC 36.14 9.770675 


. 


| TR eats oe” 
h————_ 


Sum of the fdes a 158.44 19629893 
Halfe 7: 79422 


PLES "TH —— 

Diff. of AB andthe fum 32.92 ' 9 735173 
Dif.of R C and half ſum 43.08 9.834433 
The doubled Radius | 20.000000 


> CII———— —— 


CC 


y- 64 - Theſfum 


(245) 


The ſumme 39.56960s 
Sum of the ſides (ubſtratt 19.629893 


| —— —_— 


The difference 19,939712 
Halfe difference. 9.969856 


The Sine of 68 deg. go min, which doubled 
is 137 deg. 80 min, the quantity of the an- 
gleABC, and the complement thereof 
ro a ſemicircle 42 deg, 20 min, is the 
anglc FBG, or the arch F G, 
equal to the fide M L 
which was in- 
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.. The ſecond Pars. 


CHAP. I, _ 
Of the Tables of: the Sis: ataon,. 
and of the equation of time for: : | > 
the difference of Me- >: 005 
ih 


uponthe - 
tr;, the which is fully explamed in Riaede- 
vnles Exerciſes, or ( þxlmades anflacbn of © | 
Hud on the Globes, ws whom 1 reftr tholt 
thatarenctycr Scquainted therewinhs mhas - - 
| which 1 here inzened 538 10: Brow: hate af - 


6g 


T rigonemetrie im the auall refolyzint &f © 
Come known Talangfes eb220 Tyne | 
| $, 


0d <3 


* 3 
z 
| = 
N _ | > 
« 


| (250) - 
And becauſe che Suns place or diſtance 
from the next EquinoRial point is uſually 
one of the rhree rerms-given._in Aſtronomi- 
cal Queſtions, I will firſt ſhew how tocom- 
pure that by Tables calculated in Deci 
numbers - ing tothe Hyporheſis of 
Bufialdws, and for the Meridian of Londos, 
whoſe Longitude reckoned from the ('axa- 
rieor Fortunaze Iſlands is 21-deg. and the 


ati North, 51 deg. 53p min, 
pam Tags: my Sees ny 
Nor are theſe Tables ſo confined to this 
Meridian, bur char they may be reduced to 
any ether : IFthe place be Eaſt of Londdn, 
adde to.the time given, bur if ir be Weſt 
make ſubſtraion, according to the diffe- 
rence of irude, allowing 15 deg, for 
an houre, and 6 minures or centeſms of an 
Houre to one degree, ſo will the ſum or dif- 
ference be the rime w the Meridi- 
 un'of Londen, and for the more ſpeedy cf- 
feRting of the ſaid ReduRion, I have added 
= of of the chiefeſt Towns 
and Cities in diverſe Regions, with chcir 

| Laritudes and difference of Meridians from 
. Tondox intime, rogerher with the noces of 
Action and Subſtradtion, the uſe whereof 


Suppoſe 


C257) "Y 

Suppoſe rhe rime of the Sans enterance * 
into Tawrus wereat London Aprill rhe 10th, 
1654, at11of the clock and- 16 centeſms 
before noon, and it be required. to reduce 
the ſame to the Meridian of Uraniburge; | 
I therefore ſeeke Uraniburge in the Cata- * * 
logue of Cixics and Places, againſt whichT .: 
fade 83 with the letter A annexed, there» -* 
fore I conclude , that che Stn did that day + * 
at #743iburge enter into Taurus at.12 ofthe 
clock and 99 min. or centeſtmns before noon, 
and ſo of any other, | 


Problem x... 
Ts calculate the Suns trut place.. 


=\ He form of theſe our Tables of the 
|. Suns motion is this; In the firſt page 

is had his motioa in- Faber years 
compleat,the Epechaes or rooes of motions - 
being prefixed, which ſhewerth the place of -: 
the Sun at that time where the Epocha ad- 
ſcribed bath irs beginning ::the Tables in | 
tho following pages ſerve for 7ulian Years, © 
Monerths, Dayes, Houres, and Parts, as by 
| their Titles it doch appear, The Years, 
Moneths, and Dayes, are taken compleat, 
the Houres and Scruptes current, . Aftex- | 
theſe Tables followeth another, which con-+ 


—_— 
bs 


E (252) 
tains the Equations of the Ectentrick to. - 
every degree of a Semicircle, by which 
your ay thus compure the Suns place. = 
* Firſt, Write out the Epocha next 
| before the given time, then ſeyerally r- 
under thoſe the motions 
years, moneths, and dayes complear, and 
to the hours and ſcruples current, every 
one under his like, (onely remember thar 
in the Biſſexrile year, after the end of Fe- 
bruayy, the dayes muſt be increaſed by an 
unit) then ad lin them all rogether, the 


tothe 


ſumme ſhall be the Suns Mean motion for + 


the time given, 


Exemple,. 

Anon yen time be 1654, May1z, it 
hours, 25 th pirens before noon At Londen, 
and the Suns place to be ſought. . 


ll. 
The numbers are thus 2! 


|= > nn ————— 


The Epocha 1640 | 294, 2336 | 96, 2297, 
Years compl._ 13 nan | 3053... 


Moneth co, Aprid | 118. 3775 $3: © 
Dayes compl,. 12 | 11, 8278 | 
Howrs 23 9444; x 
Seruples 25 ; 


%\ 
- 


| rm nnrtnnn—_——— 


©s 07 mean motid 


2. Subſtrat the Ap Thr 
mean Longitude, there refts the mean Athv- 
degrees, ur if: E 


ay ir exceed mot 36 
| exceed 360 degr. 360 being raken! from 
their difference, as oft as ir can, rhe reſt is 
* "Example: = {-12dT 7 

The © mean Longitude .. . - F 2 
The Apbelium ſubtrafiel ; we 
There refs . | Ks £7935 
'— -+=— op 360*, . Wy Hh 4 

ere 336-7397 

3. With the nezr Anomirlie end 
Table of the Suris Eccenir@k* Þqu 


with the d 


on the lefe fide, 
x the thereof be lefle then 1803 
and onthe right fide, if it exceed 


180, andina on Nan eyes have the B- 
quarion anſwering thereunto , uling the 


gpm Far, require, 
ro the ritle Add or Sub-. 


Romy copay. on found ro or from rhe 
." mean longitude; ſo hayc you the Suns 
true place, 


af Example. 
Thy Suns mean longizude 782. 1643 
Or dedufting two, circles, 720 . 
The Suns mean longitude is 63, 1643 


The Suns mean Anomalie 325 « 7335 
_ In this Table rhe Equation anſwering to 


325 degrees is ' | 1.1525 
The Equatien anſwering to 336 G_ 
| 1,1236 
Andrheir difference 289, | a 


Now then if one degree or T0000 
Give 289 
Wharſhall F 
Give, the produ& of the ſecohd and "Yiird 


term is 2.1 roy and this divided by-10000 


he firſt texro given;the quoticat or term res 
quired 


(355) 


ired will be 212 ur 

*þ A "own I, 

cir 
w__ Suns mean ongirde, hi ag- 
a 

—6--1 
x. 

The Suns mean lo mw Et 
Equationcorre had 
er Feorly —_—_— 3 degrees, 29 Wy 
& -> pi in this example cor- 

The 


iplication may 
and Divi + 
pheperore ddirion 
wore edi be] the Table of 
EIT 


Logarichmes : for, 

As one degree, or 10009, 4.000000 
Isto 289 ; pe 

S0is 7335, 


To 213 fere: 
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C 
moſt eminent Cities and Towns in Exz-' 
gland, Ireland, and other 

wherein is ſhewed the difference of ' 
| their Merdians from Loxdos, 


A 


with the height of 
" Pole Arrique, 


44 Wh. _—_— = ; w Sy An 

- a >; 

63) $s. wogk * 
. wegk * 
#4 ** _— cb b 4A. w—_ yew 4 


aralogue of ſome of rhe 


the 


Berden in Scotland $ 
1 A S. Albons S 
| Alexandria in 
Amſterdam in Holland 

Athens in Greece 
Bethelem 

Barwick 

Bedford 

(alice in France 
Cambridge 
Canterbury 
Conſtantinople 

Dar 

Dublin in Ireland + 
Dartmouth 

gly 
Granmtban 


Ow OUUPP Pp >» OUP > >> 


"I 


Gloce 
Hartford 
Hieruſalem- 


Rocheſter | 
Rochel m France 


EF Tralagh in Ireland 
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ade the Suns greateſt declination, 
Tofi = the Paler'e evartion: "I 


** t £4 3 1 11 93% £425 
the annexed Diagram;GMNBrI 

de Meridian, L K <e E ens 

H P.the Zodiac, A the North poles, © 1 

Þ South, M B the Horizon, apr | 


F 


F 
q . : | | P 4 
. ® 
F, we | 
o 


PO  dlbainwnsrmny act cacao tn cent 


i "Y ha 
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4Y ( 266) 
the Nadir, HC.a parallel of the Sunz db 

utnall motion ar H,or the Suns greateſt de- 

clination from the Equator towards the - 


is leaſt if therefore you 
the leaſt Meridian altirude from 
gu , the difference will be 
the 


greateſt declination on both 
, and becauſe the angles HDL 


Equator 
and K D Pare <qual, by the gth. of the ſc- 
ateſt declinati- 


is I co his 


The Suns 


- The fats gHoniee a Fihrwia tound 
wo be * 63. 00 0s 


His leaft December 10, 


from 
preareſt Alcirude is the height zt 4766 


COIERED 
Whoſe is the 


$1. Fz ov 


FN chis les DFHG denotethe Sol 


4 (12): 
” -the next EquinoQtiall poiny, BC the decli- 
nation ay the pon fough 3 


"Y i - 73 Wb '1 


{Mon Foam whe i poſe rhe fan'tb be in-00 deg. of 

point is ſtair froth the nex» { 
> Eoin prone &0 dep;/and his declins- | 
0 "0 tr eye arty :Ity.the reangled ſphe- j 
# ; 


tical triangle we have known, 1 The by- 
edge | The angle archi | 
bn Henke tofiade  ] 


7A wu, by the 8 Caſe of 
. qc ang, che ans- 


_——— 


Frobh. 4. 
Fhd 


preateBdeci;netinn of 6d | 
. Ii T ber mie 0 bye "2 
fig poget grveny ! Yin 
. bus right oſpenſgw.;: | 
N the Triangle AB Cof the former dias -* 
| A 


Hy io 


OLE 2M 2:13te.- 


©; 


Only 2, chan if he 
of the point f hr be he By 


mrhe third Chae (asin m 
a ſcmicircle ys the arct found; if-5 

uadrant, ſubfkra& the 
SA and their difference 
Aſccnfion ſought, 


(270) 
| Probl, 5, 

. Thi Latitude of the 
<d;ference, 


| pin eng be? Lye _— 
ofthe fame pointin an. oblique Sphere. 


| Avia the annexed Djapram, AGE. V re- 
. Preſence the Meridian, EM Trhe Horizon, 
= | _ QMCV 


(277) | 
GMCY the Equator A the North Pole» 3 
V T the complemient of the Polesclevations < 
B C the Suns declination , D'B an _—_ | 
the ; DC the Righe Aſcention, | 
MC the Aſcenfionall difference, ts 


a ure. gee altos bart cr 
x The angle BMC, the complement of 


ination 20 deg. | 
 Heaceto finde MC*the Aſcenfional dif- 

ference, by the 6 Caſe off right angled 

Spherical Triangles, the Proportion is, : 


As the Radius, g0 = I0,000000 
fe) rangens 20,32 s 3 
$o isco-rangent of BMC, 38,47 —_ I 
To the ine 3 MC, 27.63, 9.666093. . 


Probl. 6. 


| Ybe Latitude of the place, and the $uas 
Daeclination given , to. finds. 

dis Amplitude, E -£ p 
He He Sues Amgſiads ben archofthe -- 
incercepred berween_ the E- | 


(270) 


Probl, 5, 


the Sun gruen, to finde the Aſcenſionall 
difference, of time of the Suns 
' riſing beſore or aſter the 
boure of fix. 


He Aſcenſionall difference is nothing 

/ elſc bur the difference between the 
Aſcenfion of any point in the Eclip- 

s rtiquein right Sphere, and the aſcenfien 
| ofthe ſame pointin an oblique Sphere, 


A 


Asin the annexed Diagram, AGE V re- 
| prelencs the Mcridian, E M T the Horizon, 
| __GCMCV 


- 
a 
, 
1 
-- ol Ny” 4 


The Latitude of the place, and declhnation of 


#4 — 


(277) 
GMCVY the Equator, A the North Pole» 
V Trhe ment of the Poles clevation? 
B C the Suns declination, DB an arch of 
the Ecliprique, DC the Right Aſcenſion, 
MC the Aſcenfionall difference, Thenin 
the righr angled triangle B MC, we have 
limited, 

1 Theangle BMC, the complement of 
the Poles clevarion, 38 deg, 47 min, , 

2 The perpendicular BC, the Suns De- 
clination 20 deg, 22 min, 

Henceto finde MC the Aſcenfional dif- 
ference, by the 6 Caſe of right angled 
Spherical Triangles, the Proportion js, 


As the Radius, 90 I 0.000000 
To the rangentof B C, 20,232 g.z66231 

So isco-tangent of BMC, 38.47 10.09986t: 
To the finc of MC, 27.62 9. 666093 


Probl. 6. 


Ybe L.atitude of the place, and the Suns 
Declination given, to finde 


bs Amplitude, 


He Suns Amplitude is an arch of the 

| Horizon intercepted berween the E- 

” quator, and the point of riſing, that 
&s, lhe preceding Diagram the arch MB, 
N.4 rhere- 


| (2752) . 
therefore-in the right angled Spherical} 
triangle MB C, having the angle BMC 
the height of the Equator, 38 deg. 47 min, 
and B C the Suns declination 20de, 23 rm, 

yen, the 2 pry M B may be feund 

y the 5 Caſe of right angled ſphericall 
triangles ; for 


As the fine of BM C, 38.47. 9.793863 


Isto the Radius, go 10,000002 

Sois the fine of B C, 20,12 9.538606 

Tothe fine of M B, 33.75 9.744743 
Probl, 7. 


The Latitude of the place, and the Suns 
Declination given , to finde the 
time when be will be Eaſt 
or weſt, 


ErABCD-in the annexed diagram 
repreſent the Meridian, B D the Ho- 
rizon, F G the Equator, HNK an 
arch of a Mcridian, AC rhe Azimuth of 
Eaſt and Weſt, or firſt Verticall, E M, 2 
parhilel of declination, Thea in the right 
angled ſphericall criangle AHN, we have 

known, q _ 
1 The perpendicular AH, the comple- 
ment of the Palcs cleyarion, 33 deg, 47 —- 
2. The 


-——- I At 


(273) 
2 The hyperhenuſal H N, the comp'e- 


ment of the >uns declinarion, 6g deg, 78 m, 
Hence the angle A H'N may be found by 


the 13 Cale of right angled ſpherical) ert- 
angles, | 


As the Radins 99 _ ?  16;90560d 
To thertangent of AH' $8, 45, 9.900138 

So is the co-rangent H N 69.73,- 95663131 

To the co-line of AHN 72.98, 9.466369 
Whoſe complement N H-Z 17 degr. 2 
min, being converted into time, x7 one 
houre, 13 minutes,or cemeſmes of an hour, 
. and ſo much'is it aſter fix in the: morning 
when the Sun wilt be due 'Eaft, and betore 

fix atnight, when he will be due Weſt: 

N. 5 Probl, 


Ay 


- - — 


1 
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Probl, 8: 
The Latitude of the place and Declination 
of the Sur given, to finde bis Altitude 
when he comith to be due Eaſt » 
or weſt. y 


N he right angled ſphericall criangle 
NQZ of the faſt Diagram, we have 
limited; 1, The perpendicular Q N, 
the Suns declination, - 2, The angle atthe 


baſe N Z 9, the Poles elevation 51 degr.. 


53 min, Henceto finde the hypothenulal 
N Z, by the fiſt Caſe of right angled ſphe- 
ricall Triangles, the proportion is ;- 


As the fine of the ang,.NZ.95 1.53.9.893725 


Is tothe Radius 90 I 0.000000 

So is the fine of N D 20.22, 9.538606 

To the fine of NZ 26.10, 9.6448ir 
Probl, 9. 


The Latitxde of tbe place, and Declination 
of the Sun given , te fixde the Suns 
Axgmuth at the howy of fix. 


N the right' angled ſphericall criangle 
ATH of the ſeventh Probleme; we have 
known: 1, The baſe AH, the comple- 
Pens of the Poles elevation 38 degr. 47 

OY 


j 


i. 1 
- - - —_— 
mit, and the perpendicular 1H, the com- 
plement of the Suns declination 69 depr. 
78 min, Hence to finde the angle at the 
baſe H Al the ſuns Azimuth at the houre of 
ſix, by the 11 Caſe of right angled ſpheri- 
cal triangles, rhe proportion is, 


As the Radius, go 10,c0c0c0 
To the fine of AH, 38.47 — 9.793863 
So the co-rangent of H 1, 69.78-, 9.566231 
To the co-tangent of H AI, 77, 9.360094. 
77.J0 
Probl, 10. 


The Poles elevation, with the Suns Altunde 
and Declination given, ts findg the 
Suns Aximath, 


N: the oblique angied Spherical crian-- | 

oi AHS, in the Diagramoof the ſevemh 

Probleme, we have known, the ſide AH, 
the complement. of the Poles cleyarion,, 
38 deg. 47 min, . HS, the complement of. 3 
the Suns declination, 74 deg. $3 min, And 
the fide SA, the complement of the Suns 
altirude, 57 deg, 53 min, to finde the angle | 
SAH: Now ne bydhe-12 Caſe of Ob- 


lique angled Sphericall Triangles, .I- work: 
as is there deed, | | 


SH 
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SH, 74.33 
H A, 38,47 9.793063 
SA, $7.3 9.926174 


Sumume of the (ides 17c,83 19.720037 
Halfe ſumme 85.41.50 


—_— 


Dif.of HA & half ſum, 46.94.59 9,863737 
Dif.of SA & half ſum, 29.58.52 9.669990 


The doubled Radius 20,000000 
Their ſurme 39.533727 

From whence ſubſtra& _ 19.720037 
There reſts ; 19.813690 
«The halte whereof ' 9.906845 


Is the fine of 53 deg, 80 min, which doub- 
ledis Icy deg. 60 min, the Suns Azimuth 
-from the north, and 92 deg. 40 nun, the 
; complement thereof to a Semicucle is th 
Suns Azimuth from the Sourh , . , * 
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CHAP, II, 


THE ART OF 


& 4 RO 


Commonly called 


- DFALLING:*: 
Plain! y ſhewing otit of 


the for the cruc ground. 
and reaſonof making all 

kinde of Dials chat any | 

P! auris LT 1; 6 


-. 
#. \ 
. = 


———— 
e 


How to divide div 'brſe fo , and make: = 
Chord to any proportion'giuen, 


FEag Oraſmuch as there is continuall 
bp R - p uſe both of Scales and Chords in 
PR drawing the Scheams and Dials 
EOHDCD following , ir will be neceſſary 


> nagar Lhe them, A 


LS 
* 
x - 
- 
TI 
- 
# 


OI 
as cannot have the benefit of the $ilful ar- 
rificers labour, may by their own pains ſup- 
ply thar defeR, 

Draw therefore upon a piece of paper or 


rd a ſtreightt line of whar you | 


ſe, divide this line into 10 equal pany, 
and cach 10 into 10 more, ſo is your line 


divided into 100 equal parts,by help where. 
of a line of Chordsto any: proportion may 
» 


be thus made. 

Fifft; ptepare a Table, rherein ſer down 
the degrees, halves, and quarters, if you 
| pleaſe, front ofejro 90, Unto each deyree 
| and part of a degree joyn the Chord 


n _ 
WM. coit, which is rhe narurall fine of halfe the 


'aech doubled, by the rgrh. of the ſecond of 
the firſt part ? if you double then the natu- 


rall fines of 5-80. 20. 30, degrees, you 
ſhall produce\ the Chords of 10, 20. 40. 

» hn cradeche haceforder. 
being doubled, the ſuta will be 34928, the 47 


60, d 


Chord of 20 deg. and ſo of the reſt as in 
the Table following, 


. 


| 


OE _ 


DH ww (a+ ww =1P| 


oO » WY An wawngWsp Gs 


SNLAtt f ' 16330)” 
This dohe, proportion the Radius of 'a 
circle ro whar extent you pleaſe, make AB 
equal thereto, m the middle whereof, as in 
C,cre& the perpendicular CD, and draw } 
the lines AD and B D, equalgn length to | 
your line of cqual parts, ſo have you Made 
-an <quiangled Triangle, by help whereof 
and the Table aforeſaid, the Chord of any 
'arch propertionable to this Radius may 
ſpeedily be obrained, 
- As for example, Ler there be required 
\the' Chord of ,30 deg. -rhe number in the 
. Tile anfwering to this arke is 518, orm 
; propotrion to this Scale 52 almoſt, Itake $ 
.. *rherefore 52 ftom the Scale of equal parts, 
'and ſect them from D to E and F, and draw 
irheline EF, which is the Chord defired, 
. Thus may you finde the Chord of any other 
| #rch'agreeable ro this Radius, Or if your 
Radius be cither 'of a greater or leſſer ex- 
'rent, if you make the baſe of your Triangle 
' A Bequal thereunto, you may in like man- 
* nerfinge the Chord of any arch agrecable 
to any Radius g:ven, Only remember 
- that i the; Chaxdofthe arch deſired exceed 
6o' deg. rhe fides of rhe Triangle AD and 
DB twuſthe coprinued from A andB asfar | 


as head ſhall tequire, | In this manner is 


mide the line 'of Chords adjoyning, an- 
; | ; 7.0} PVEnl oh 


-> 


j 
_ **s 
on 


*” _—- FT Y » Sa 
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Rrerdble rothe Radius of che ugg” | 
Scheme, 


1 = - 
 Andin this manner may you ade" 
Sine, Tangent or Sccant of any arch 
portionable ro any Radius, by kelp of MN 
Canon of Naturall Sines, Tangenrs an 
Secants, and the aforeſaid Scale of equall 
parrs, as by cxample may more plainly ap-, - 
- roi Ler. 
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Letthere be required the fine of 44 de 

_—_ of Fmnnomy mgrigy 
ra ing £2 44 degrees is 694, I take 
therefore with my compaſſes 69 from my 
Scale of equal parts, and ſer them from D 


toGand H; ſois the line GH the fine of i 


44 degrees, where the Radius of the circle 
SAB, 

Again, if there were required the tangent 
of 44 s, the number in the table is 
965 ; and therefore 96 ſer from Dro K and 
L ſhall give the rangent required ; and fo 
for any other. 

. Your Scales being thus prepared for the 
Mechanicall part, we will now ſhew you 
how to proje& the Sphere in plans, and fo 
proceed tothe arichmericall work. 


Probl; 3, 


The explanation and making of the funde- 
mental Diagram, 


Fe Scheme repreſcnterth to the' eye 
the rruc and narural fituarion of thoſe 
— Circles of the Sphere, whereof we 
have uſe in the deſcription of ſuch 
forts of Dials & any far or plane is capable. 
of, Iris therefore neceffary firſt ro explain 
that, andthe making thereof, that the Sy-. 
merry, 


CONF” 
metry of the Scheme with the Globe being 
well underſtood, the repreſentation of eve- 
ry plane therein may be the berrer concei- 


ved, - 

Suppoſe then that the Globe elevated to 
the height of the Pole be preſt flat down in- 
to the plane of rhe Horizon, then willthe 
ourward circle or limbe of this Scheme 


NESW repreſent- that Horizon, and. all 
the cireles contained in the Hemi- 
ſphere ofthe Globe may acri y be con- 


trived, and repreſented thereon, as Azi- 
murhs, Almicanters , arwagres ua 
Equator, Tropicks, circles of WY - 
fach like, the which in this Diagram are *' 
thus diſtinguiſhed, | 

The lerrer Z repreſcars the Zenirh of rhe 
place, and the cencer of the horizontal cir» 
cle, N Z'S repreſents the meridian, Prhe 
pole of the world cleyated above the North 
part of the Horizon N here at Loxdoz, 51 
de ; $3 minures, or centeſmes of a de- 
gree, the complement whereof Þ Z 38 de- 
grees, 47 minutes,and the diſtance between 
the Pole and the Zenith; E Z W is the 
prime vſtical, DZGandC Z V any other 
intermediace Azimurhs, NOS a circle of. 
poſition, E K W the Equator, the diſtanee 
whereof from Z is cqual to P N, the heighe : 


#4 
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of the Pole, or from S. equal to PZ, the 
complement thereof, HB the Tro» 
pick 16 pr Cancer, LF M,the Tro- 
pique of Capricorn, the reſt of the circley 
interſeRing cach other in the point P, are 
the meridfans or hour- circles, cutting the 
Horizon and other circles of this: Diagram 
| _ -, omg they do in the Globe it.* } * 


Amongſt theſe the Azimurtry'Mly in 
this projeion become. ſtreighr lines, all 
the reſt remain circles, and are” greater or 
lefler, according to their natural ſiroarion 
in 


((2B5') 5 
in the Globe, and may be rhus deſcribed; 
Open your cotnpaſlts torhe exrenr of the 
line AB inthe former Probleme, '(orrs 'a- 
ny other extent yon pleale )- with chay Ra- 
dius, or: Semidiameter deſcribe the, hori- 
zonral circle NE S$ W, croffic it aeright an- 
glesin Z with the lines NZ Sand E-ZW, 
Thar done, ſeck the place cf the Pole ar 
P,chrough which'the hourcircles muſt paſs, 
the EquinoRial point at K, the Trop.ques 
ar 'TandF, rheirteliningcucle at'O, and 
che declining reclining -at A; 'all which 
m1ythugbe found. |. ou NY 8 . 
The Zenirh in the Globe er Materiall 
Sphere is the Pole of the Horizon, and Z -;2 
in the Scheme is the center of the limbe,_ : 
repreſenting the ſame, fron which polnr 7 
the diſtance of cach circle being given borh 


wayes, as it Iycth in the $phere,\and ſer } 


upon the Azimurh, or fireighe ling of the 
Scheme proper thereunto, you may byhelp /.* 
of the natural tangents of half rheir arch-" 
<s give three points t9 draw each gircle by, 
for if rh&naturall gatpents of diftan- _ 
ces from the, Zenith hc added x6perher, the. 
half thereof Thall be the Selvidemerces of 
thoſe circles defired.; ' 

The reaſon why the natural rangent of : 
half the axches are bete rakes; po | 


do fp. 5,0 te 


'y 


of 


le p . . 
Wherem makingE Z the 
a raogent line 


S ZN or Z $ can be no more 
then the rangenc of half the arch defired, 
beeauſe the whole line ZN or 7 $ is the 
thar is, 45 degrees, 1 gan, of the 
ſecond of the firſt Part; and there 
fore WE A is bur half the angle W ZA 
and WE Bis buthalf the apgleW Z B. 


Now theaif E-Z or Radius of the fun- 
damencal 


r_a 
Ou 
N, 
re 
re 
, 
E 
| 
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damenra Scheme be EE mh. 


of 19 degrees, 
— Iota the half of 38 depees, 
47 minutes,the he dimer babemdeting 
pole and the Zenith in our Laritude -of 41 
degrees, 53 minutes, or centeſines of a de- 
gree, And the South pole as much 
under the Hortzen as the North is above ir, 
the diſtance thereof from the Zenirch muſt 
be the complement of 38 degrees, 47 mi- 
nutes to a Semiciccle, that is, x41 degrees, 
53 minutes; and asthe half of 38 degrees, 
47 minutes, _ 19 degrees, 23 minutes, 
5o ſeconds is the-quantiry of the angle 
PE Z, and ther thereof the diſtance 
from Zo P, ſo-the half of 141 degrees, 53 
minures, viz, 70 degrees, 76 minutes, 50 
ſeconds muſt be the meaſure of the angle 
in the circumference berween the Z 
and the Sourh, the tangent wth 
muſt be the diftance alſo, and the tangenes 
of theſe rwo arches added _ 
isthe whole diameter of that circle, the 
half whereof 1609, that is, one Radivs, 
andincer 61 hundred- of another is. 
the Semidiameter or from Pro L 
in the former Scheme, ©o which extcor 0- 
FL, and ew and ſer off the diſtance 
L 


and — 


_— Ae. (2/00) ihe ont ie voaA©Sd rar ot”. 2 Are 


| 


: 
: 


| 
| 


| 
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'W FE for the fix of the clock hour, 
The Semidiamerers of the other circles 
are tobe found in. the ſame manngr : the 
diftance between the Zenith and the. Equi- 
roQiallis alwayes cqual ro the height of 
the Pole, which in our Latirude is 51 degr, 
'5'3 min, and therefore the half thereof 2F 
degrees, 96 minutes, 50 ſecondsis the mea- 
ſure of the-angle WEB, and the natural 
rangent thereof 483, which being addedto 
the tangenr of the complement 2070, their 
-agprepate 2553 will be-the whole diameter 
of that circle, and 1277 the Radius or Sc- 
midiemeter by which tro draw the Equi- 
no&iall circle EK W, 
' The Tropique of Cancer is 23 degrees, 53 
minutes above the Equator, and 66 degrees 
"$7 minutes d.ſtant from the Pole, and the 
Pole in this Latitude is 38 degrees 47 min, 
*diftant from the Zenith, which being ſub- 
Nraed from 66 degrees 47 minutes, the 
.diftance of the Tropique of (arcer from 
"the Zenith, will be 28, the- balf. chereof is 
14, whoſe natural rangent 249. bcing ſct 
from'Z Taleo aigt T in the 
Meridian, : by - which, that. paralle] muſt 
'paſſe ; the'diftance thereof fromehe Zenith 


Z,6-0n the North fide isZ,N -90 degrees, and 


TubſtraRing 23 degrees, 53 minutes , the 
og _ height 


—_ x 


_ 


_— 
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hcighr of the Tropique above the Equator, 
_ 38 degrees, 47 minutes, the height of 
che Equator above the Horizon, their dif- 
ference is 14 d s, 94 minutes, the di- 
ance of the Tropique from N under the 
Horizon; and ſo.che whole diſtance there» 
of from Z is 104 degrees, g4 minutes, the 
half whereof is 52 degrees, . 49 minuecs, 
andthe nacural tangent thereof .1zox ad- 
ded to the former tangent 249, giveth the 
whole diameter of that circle 1551, whoſe 
half 596 is the Semidiamerer , and 
gives the center to draw that circle by, 
The Tropique of Capricors is 23 degrees, 
53 minutes below the Equator, and there- 
ferc 113 degrees 5 3 minutes fram the North 
pole, from which if you dedyR, as before, 
nd rees, 47 minurcy, the diſtance of che 
te from the Zenith, the diflance of the 
Tropique of Capricorn fromthe Zenich will 
be 75 degrees, 6 minutes, and the half 
thereof 37 degrees, 53 minutes, whoſe na- 
eural rangent 76 being ſer from, ZtoF, 
giveth rhe point F in the Mcridian , by 
which that parallel muſt paſs: the diſtance 
thereof from the Zenith on the _ fide 
is Z N go deprees, as before; and adding 
323 degrees, F4 calms, the diſtance of che 
T roplque from the Equator to 38 degrees, 
O 47 
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FE: _ the gorves of the Equator 
from rhe Hqrizon, their aggregace is 62, dc- 
s,| the Ktante of rhe Toopique from 
rizon! which bring added to ZN 
g&U | teis 152 deer 
and Senn fs degrecs, Boſe 
nafural tingenr 4o11 being addcd to the 
former tangent y68, giverh the whole di- 
ametcr of thar circle 4.779, whoſe half 
2.4895 iv*rhe Semilliameter defired ,, and 
gives the'cemet ro dra\y that circle by, 
*:The diſtance 6f the reclining cixcle NOS 
from Z rs O is 40, degrees, he kate rhercaf 
20, whoſe natural rangent'$.64 ſer from Z 
eo O, giverhthe point O inthe prime ves- 
ticalEZW, by which that circle muſt paſs, 
the diftante thereof from tlie Zenith on rhe 
Eaſt ſide is Z E'g90 degrees,to which adding 
fo leprees, the complemens of the former 
arch, rheir aperegate 140 degrees is the di- 
france from Z Eaftward,and the half there- 
. of 70 degrees, whoſe natural rangent 3747 
deing added ro. the farmer rangent 364, 
their apgrepartt 3121 is the whole djameter 
sf thar circle, and the balf charcof 1555 
is the Semidiamerter deſired, and gives the 
center to draw that circle by. 
' "The diftance of the declining reclining 
circle DAG from the Zenizh is ZA 35 deg. 
5 05 7 ' o ; rhe 
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che half thereof 17 d » fo min 
Re Me fx 


ametcr of thar war 4-4 half RN 
1743, the Semidiamerer deſired and gryeth 
the center to draw thae circle by, 
rigs he ray CZAot » Z G are 
par open Kmbe by belp-of a line «f 
tds 
nal points 


jo degres diane from the Cardi- 
and al, a. crofle: =P 
| TY 


erence 8X, coeccng Frrem the Meridian 


DL prin prime,y . ; 

LE Ree 

be inet. 5 Firſt, Te Jhecome 
ack houw-circte 


as former 

'ZE the Radius, and is found #rL 
© Meridian line continued from'P to 

L which croſs at right angles in L with the 

| line8L 4, extendcd far enough to ſerve 
the rurn, make PL the Radius, then ſhall 
$4, 4c a rangenr line thereunto, and the 
narural rangents of che EquinoAtall hour 
arches, that is the tangent of 15 degrees 
268 for one hour, of 3o degr, 577 for two. 
hours, of 45 PIN three hours” 
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of 60 deg. 1732 for four hours, and 75 dep, 
$732 for five hours(er upon the line fram L 
both wayes, thar is, from Lto 5 and 7, 4 
and 8, und will give the true center of 
etioſe hour-circles : thus, 5 upon the line 
$L 4 is the cenger of the hour-circle 5Þ o, 
and 7 the center of che hour-circle 7P7 ; 
ind {o of the rc, 
't- The centers of theſc hour-circles may be 
alſo found upon the line 8 L 4 by the naru- 
fall ſecanrs of the fame EquinoRiall arch- 
&9, becauſc the hypothenuſe in a righr an- 
4 plain triangle is alwayes the 228 of 
& angle at the baſe, and the perpendicular 
the cangenr of the ſame angle: if chere- 
fore the rangene ſer from L. doth pive the 
center, the ſecant ſer fromP ſhall giye char 
e 


oy \ The Scheme with the lincs 
sndclictes rherrof being thus tnade plain, 
we'cpine now to the Att of Dialling i 


{cf 


" | " 
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Probl. 3. 


Of the ſeutrall plains, and to fade ir 
their ſcituatian, * + 


A LE grear Circles of the Sphere, pro- 
Red upon any plain, howſoever k- 
ewared; dv becoine ſtreight lincs, as 

any one may experiment upon an ordinary 

— If he faw the Bowle in the 

midft , *and' )-yne rhe two parts togetfivy 

again, there Þ remain upon the circyns 
ference ofthe Bawle, ſame figne df the tor- 
mer partition, in form of a preke Circle of 
the Sphere : now then, if in auy pt of 
© tharCitrcle the roindnefſe of the bowle be 
taken off with a ſmoothin pin or other; 
wiſe, as the bowhe becoaket' at, ſo will the 
Circle upon the bowle become 4 fireight 


line; from whence it follows,that the hours - 
les of: 


lines of every Diall (being grear 
the $phere) drawn upon any plaby ſuper; 
ficies, muſt alſo be treight lines, © © 
Now the art of Dialling conſiſtzrh ini the 
artificiall finding our of theſe lines, and 
their diftances each from other, . which do 
continually yarie according to the fituation 
ofthe plain on which they are. projeRed, 
Of theſe pla'ns there are bur three ſores, 


% 


K3 " OS I, Parc, 


oo 


by 
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I. Parallel co the Horizon,as is the Ho- 


_ rizontal only, 


2, Perpendicular to the Horizon, as are 
all ere& plaies , whether they be ſach as 
are dire& North, \South, Faſt or Weſt, or 
ſuch as decline from theſe points of North, 
Sourh, Eaft, or Weſt, 

3. Inclining to rhe Horizon , or rather 
Reclning from"rhe wpuer and rheſe are 

ire plains reclining and inclining North 
and South, and reclining and chang 
Eaft ad Welt, or Declining-reclining and 
inclining plains. | | | 
To contrive the houre lines upon theſe 
ſevcrall plains, there are certain Spherical 
arches and avgles, in number fix, which 
muſt of necelfity be known, and diversof 
theſe arc in ſome Caſcs given, in others 
they ae ſo one. on Ny i191 14% or 
. 1, The firſt isan arch of a greatCucle 
perpendicular to the plain, comprehended 
twixtthe Zenith and the plain, which is 
the'Reclination, as ZT,Z K,andZF, in 
the fundamental Diagram. 
. 2. Theſccond is an arch of the Horizan 
berwixtthe Meridian and Azimuth paſting 
by the polcs of the plain, as SY ar NC iy 
the Scheme, 1 *« ; -<c 


rna \ tCo7: 


v1.3 


3. The third is an arch of the plkin he- 
Ve T'h Var dic ns i MB lem , 


wart 


- 


% i 


F 


—_ 


ns — 
wixr the Mcridian and the Hate 
paving che 6 diſtance of the 12 a = 


from rhe -h ron hl $f P. 
Scheme of the he {3 = 
4. The fo lain 
ewixtthe Meridian $5, _ - cy , which 
limits rhe diſtance thereof from thers a 
_ haure line, gs ZR in che Scheme. 
fifth is An arch of a prear Circle 
perp arty thy plain , conhprehended 
rwixe the Pdle off the World and the 


dhe 


plain, commenly ca the heighr of rhe 
ſtile, as PR in eme, | 

6.The laſt is an anÞle atthe Pol berwixt 

> thetwo a e one of the R_ 

the other of rhe (raking who \ſubſtile 


in 
in the common ba for the Metidian of 
the plain) as the angle ZPR _ e fun- 
damemal Scheme. / 
The two firſt of theſe arches are tl 
iven, or may be found by the rules fol-, 


2wing. 
+ To pada the IB clanatraner. Bbalipay/ds 
| of any, Maiga.r [is 
rhe plain ſeemo be teyelwihzhe Ho- 


rizon, ir by laying « ruler 
SEE = 


vader AP 01 ORAL 
$:* &.8 - 4 p 
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© rharthe center may hang a line oven 
ann SBI xn x cur 

plymmer, ſo that ir may play upon the 
cencer, if ir ſhall fall ire&ly upon. his le- 

vel vel line AC, making no a therewith, 
gi is ati RENEE 


£1d 


wo 


If the- plain ſeeme:ro ory one 
he wall of an ape yt bui ou may 
wy ndyho the Quadeane ho date 
ehreed may fall on che. plumb lineA C 
hen if the ſide of the Quadrans ANT 
<hle%s the « plalg, ic is exet?; wn 


Tir) | 
d&tawn' by that fide of theQuadranrſhafl * 
| be a Verticall- line, as the _—_ DBinthe' 


| Ef nke plain fall b be fend ab hnckibers's ; 
the Horly.6n, you may: fitter one the 'quan- : 
tity of-the -inclindtion eftet- this manner: 
Apply tbe ſide, vf your Quadrant A'C'rorhe * 
plain, ſoſball the. chreed. upen rhe limbe. 
p_ you the inclination required, 
le the plain tobe GED, andthe + 
Ine? Z to be verricall,.cowhich applying. 
the kane rs AC, xherbreed 
| uponcthe limbe ſhall make the angle CAM: 


the: inclinatidn'required-, 57-7 
| | An Ct =: 


" ag ud he des Fationef a ftdin;  - 
Faoufiea thiis;here 4 4re-required twaphs; 
ſervaytions,' the fuſt ivof-the horizontal 
ſtance of the Sun fromthe pole vf the plaingy + 
the ſecond is of the Suris Fitizade; encbs . 
to get the Azitauth ::and theſe zwo: tliſers: 
vations nuſtbe made at conc inftaris of ,cime» 
23;NEX (MAY: be. 5 aha - the: 
work maythie henes agret 25 wteca 
1, For :4he:{borittmmeb diflanch tf the 
Sun from the pole -of the | apply one" 
cdpe of the Quadrant to the plain, ſothan _ 
the ather may dec ne”. YEN dn>3 


| the ſhadowofrhethtced may 


————_ of the t#0, = 


(98) 


'the recanns App towards the Suri / and 


hold the whole Quadrant horizoncal as' 
neer as you can A then holdin P 
threed and plummeravfull , 6 

Uirodeh 
the center and limb of che Quadrunt, ob- 
ſerve then what of the limb the 
ſhadow cuts, counting them from thar. fide 
of the Quadrane is jieular ro 


the horizontal line, the ages eqxodl- 


led the Horizoncal iflance, : 

2; Arthe ſarge ow racy I 
alcitude ,, by-chiz alricude y ger the 
Suns Azanuth from the South; by the 16 th, 
Probleme of the firſt hereof. - 

When you make your obſcrvation of the 


Suns horizontaf diſtance, rharke whether 


| the ſhadow of the threed fallbevyoen the 
. 


= mpgrn>y ray pay Here the 


| them 
thetlifferenceof che Lefianoe and A2i- 
marth i2 the declinarioh of the plain, and if 


!' a+ 1? 
29; 


C299). cl 
the plain declineth ro the ſame coaftwhere- 
onthe Azimarh'is, but-fthe' beth | 
greater, then ths plaindechnerh'to : 
wary coaſt: ro thac- whetbotr fic Sutls A: 1 
rauth i, . my 
 Waodan l hard eck wie 
o found , is alwayes 
South, and that all 'decliyations are riath 
bered from North or South , rowards Eaſt 
or Weſt, and muſt not exceed go deg. 

I. If therefore the cumber of declination. 


exceed go, you muſt rake irs lement to 
186, and the ſame ſhall be the ins decli- 
nation from the North, 


2, If the declination found Se i1%0 
deg. then the-exceſle above r$0; gives the 
_ declination from the N warns 
that Coaſt which is contrary to the Coaſt 
whereon the Sun is, 

By this accounting from North & South, 
you may alwayes make your” plains decli- 
nation not to exceed "} king, or 90 de. 
And as when it declines RE ena a full 
ee hah phate 
9, ir.is thera FEA Wet n pov. w 
a mr may on © #9 mike, end! 
addc ad Example, ©» 


i, 


4-5 


| r Example, 
[Let ch pion diſtance from-rthe' 
le ains horizontal line repreſent-" 
TE _— KZ the line of 
| _—_— be 40 deg. deſcribe: 
| Mk DCMP, the which: ſhall repte- 
ſera the horizontal cixcle, and draw the di- 
ameter BAC repreſenting the horizontal 


\ine of the plain.,. and the Gamers MP 
hear cher les of the plains 
ape chap a line of Chords ct p 
SI IAY pr 24 degrees (found 
ation in the afternoon) —_— 
and: 


þ (301 wo 
G, mA to - _ __ Aizmurh 
40 degrees, ſo fha point 5 repreſent 
the, South, N the North, E che Eaſt, and 
W the Weſt. \ I oy 

Now becauſe the lineef ſhadow A G,fal- 
leth between P the pelaof the plains hoci- 
zonral linc, and S the South point, there- 
fore acarding-to the former-direRon , I 
adde the herizontal diſtance P G 24 deg. 
rothe Suns Azimuth G S 49 deg, and chew 
aggregate. is P'S 64 deg. the declination 
Pught; and inthis cafe it is upon the ſame 
coaſt with the ſun; thatis Weſt, according 
ra the rule given, and as the figure irſe 
ſhewerh, the Eaſt and Nonh points being 
Hid from our fight by the plain it ſelfe; rhis 
therefore is a South plain declining Weſt 
6 odjrers OO INE 0 - | 

3... £xampl.. | 

Let the horizonzal diſtance raken'iathe 
afternoon by obſeryatidn,be 67degrees, and. 
the Suns Azimziuth from rhe South 42 degr 
be given, then draw, as before, the Circle” 
B CMP, and from P to H ſer off the hori- 
zontal diftance 5 deg. H to Sthe 
che Sourh point fall berween P the. 

- pole of the plains hortzonral line, and bo. 

| | | "abs 


the horizontal dance, 7 ery pres 
Azimunh H S 42 degrees, fromH P the bo-, 
rizontal diſtance, and their difference is, 
SPzs5 es, the declination ſought; and 
becauſethe horitomral' diſtance is greater 
than the Azimuth, therefore the declinati- 
-on 33 contrary to the Coaſtof tbe Sun, This 
then is a South plain declining Eaſt a5 de- 


oy ; # * . 


"- 


. © Hericoutal plain, 

If your plain be levell with your Hotl- 
zen, draw thereen the Circle B CMP,then 
holding a threed and plununer, ſo as the 


To finde « Meridien Exe upon an | 
| 
\ 


I 


from H to 9, andrheline 
Meridian line defired. * 


wn F 
oY Gig! the bowre. baes ayes che 
Horjaontal plain, 


His plate io refpes of * he Polcy 

T thereof, CE Vertex and 
Nadir of the place be called 
verticaf, in ref of the pint it ſelf, 
which is Hlelrothe Horizon,” horfzon- 
tal, howſoerer irbe retmed, che making of 


ps of the Meridian betwixt the pole 
of the world an@ the plane required torbe 
artificie]l projeRing of the hour-lines 


thereof, Ny rkong rue wee 


wE 


y 


4X nl 


'F 


, 4 


above; the horizon 
SB 


Zee ealtnce ths hoy 


rfelloting 


deveex in 


This a is mated in the funda: 


— - 


(304) 
Diagram by the, outward circle. 

/N, in which the diameter S N drawn 
from the Sguth to the WAY go, both 
for che Meridien. line, and the Meridian, 
curcle, Z for the Zenith, .Þ for the, pole of 
the, watld, and the. circles drawn. through 
P for the hour-clcles of 2, 2, 4, 4,-&c.. a5. 
they are aumbred from the Meridian, and 
limitthe diſtance, of :cach hour line frem 
the Meridian upon the plane, accarding to 
the arches of the Horizon, N'xf, N to, 
N 9, &c, which 'by the feverill Triangles 
SP11, SP10, SPg, or their verticals 
NP 11, NP 260, N P:9.may thus be found; 
becauſc every quarter.of the Horizon'is 2- 
| like, you may begin with which you will; 
and.reſolve cach hourg diſtance, either by 
the ſmall Triangle N P 12, or the verticall 
Triangle KP 22, In.the.TriavgleP N i, 
the fide PN is alwayes given, .and-is the 
beighs of the pole above.uhe horizon, the. 
'whach art Londox is gt deg. 53 min, and the 
angle at P is given. onc hours diſtance from 
theMcridian,whoſc meaſure in the Equino- 
Riall ia 15 deg, & the angleat N is alwayes 
right, thatis go deg... wherefore by the firſt 
caſc 6f-right angled ſpherical Triangles, 
the perpendicular N 11 may thus be found. 


As. © 


(305) 
As Radius go, * 10.080000 


To the eangere of NPtr, 154, 9, 41togs 
$5 is the fine of PN $1.53, 9.393735 


Totherangentof N1r, 21.35, bg. 9.321777 


| Which is the diſtance of the houry of 1 

and 11, on.cach fide of che Meridian, thus. 
in all reſpeAs muſt you fnde the diftance 
of 1%, and to ofclock, by refalving the «ri-: 
ago NP 26 Ie 3 andg. of clock, by 
| olvingthe triangle N Pg; and fo of che; 

reſt :. in whigh, a3the angle at P increafeth. 
{ which for 2 hoursis 3odegrees, for 3 hours 
45 degr, for 4 hours 6o degr, for 5 hoyes 75 


N Io N 9.15 & > N 7, vary prop 
and ivecach 


Meridian, which is the thing roodrg 
Probl, F, 


or. Nanth plane, 


r plane, wherker 
licth in ſowe Azt- 


dice or 


| | et rn grate 
or plane dot-lie-in the prime vertical or 
:2)og the 


tags will hs aockes of. the arte 


To draw the howr-liner upon a direft South 


; 


a as here the South-walll | 
| Azunuth of Eaftand Wat, repreſented. 


(396) 
the fundamental Diagram by- the line 
E Z W, and cherefore is curerh the Mcrt- 
dian of the place at righrang}esin the Ze- 
nith, and hath the two poles of the plane 
ſcated inthe North and South incerſe&icn 
of rhe Mecridjan and Hnrizon ; and be- 
cauſe the plane hiderh theNorrh pole from 
our fight, we may therefore conclude, (ic 
being a peneral-rule thar every plane hath 
that pole depreffed, or raiſed” above it, 
which tieth open uneo it) rhar the South 
pole is elcyatcd thereupon, 'and the ſtile of 
this Diall muſt loek downwards thereunto, 
ereQed aboye the plane rhe eight of the 
Antartick Pole, which being an. arch of the 
Meridiart berwixr che pole and rhe 
dadir, is<quall vo mer © fone part there- 
of, berwiar rhe North pole and the Zenith; 
and therefore rhe complement of rhe North 
pole above the horizon, 

Suppoſe then that Þ in the fundamental 
Sthome; be now the-Sourh pole, and N the 
South part of the Meridian, S the North 
then do all the hour-circles from _ le 
cut che linc EZ W, repreſenting 
uncqually , as the hour-lines will do upon 
the plane ir (cif, and as ir dork appear by 
the figuces ſer ax the end. of every hour line 


"i 


iathe Scheme, 'Miowt having —— 
"2 poles 


(307) 
poles clgvation given , as was in-the ho- 
rizontal ., . there is nothing elſe te be 
e , but to calculate the true haur- 
iſt upon the. line E Z W from the 
meridian S Z N; and thents proceed, as 
formerly, and nore that becauſe the hours 
equidifſtant on both. ſides the meridian, are 
equal upon the ylane, rhe one half being 
found, the other 13alſo had, you may there» 
fore begin with which ide you will, .. - 
lathe triangle ZP 12, right angled at 
Z, I have ZPÞ given, the complement of- 
the heighr of the pole 38 deg. 47 min. the 
which u alſo the I the ſtile wo this. 
Diall, and the angle az ÞP 15 degrees one 
hours diſtance from the meridian upon the. 
Equator ro finde the 6de Z 31, for which. 


by che firſt caſe of xj led 
triangles, rhe — = mtg 
As the Radiusgo, 10.000000 


To the fine of PZ 39.47, 9.793363. 
So is thetangen of ZP1r, 15d. 9.4220ſ3 


Totheranpemref Z1t, 9.47. 9.221915" 


And thus jn all xefpeRs muſt you finde 
the diſtance of 3+ and ia, of 3 andg ; and 
ſo forwagd, as was-ditefcd for the hourcs - 
inthe betaograbplane. [| & <> 
C1:271 - 


7... - 

The Norch plane is bur the back fide of 
the South, lying in the fame Azimuth with 
ir,& reprefented in the Scheme by the back 
parrt of the fante ftreight line E Z W, what- 
foever therefore is ſaid of the ;South plane 
may be applied to the North ; becauſe as 
the South pole is 4bore the South plane 38 
deer, 47 min, ſo is the North pole under the 
North rae as much, and cach ſtile muſt 
reſpeR his own pole, onely the meridian 
upon this plane repreſcnterh the mid- 
might, andnotthe nqpn, and the Hours a- 
bout it 9, 10,11, and r,2, 3, are zltogy- 
. - ther ufcleſſe, becauſe rhe Sun in his great- 
eſt northern- declination hath bur 39 degr. 
go min, of amplitude in this our Latirude ; 
ane-therefore riſctt> bur 22 min .. before 4, 
in«cthe-morning, and ſertcth fo much after 
Catnighe; neicher can it ſhine upon this 
- plane longer then 35 min, paſt 7 is the. 
' morning, and returning to it as much beforc 
5 at night, becauſe then the Sun paſſcerth on 
tte North fide of the prime vertical, in 
- which this planc. licth, and; cometh wipoi 
the South, | 

Now therefope to make this Dial; is ut 
rozam the Sourh- Dial u 


phide- down, and 
leave our all the ſap« hour}berween 


S. and 7, 4 and 8, and yhe- Dino the 
= North 


( 309). 
Nonh plane is made to your band. 


The Geometrical projettion, 


To proxc& theſe and rhe Horizoneal-Di- 
als, do thus : Firſt, drawthe perpendicu- 
lar line C E B, which is thetwelre of clock 
hour, crofle it ar right angles with 6C 6, 
which is the fix of clock heur; then rate 
with your compaſles 60 deg, froma line of 
Chords, and making Cthec center draw the 
cicle'6 E 6, repreſenting the azimurh in 
which the plane doth lic ; this done, take 
from the ſame Chotd all the bour di : 


cc5, and ſcrring one foot of your compaſſes 


i... 


gr 


inF, with the other mark out thoſe honr 


diſtances before foynd by calculation, borh 
; . wayes 


W 


ww. 101% 30 1 
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wayes upon the circle 6 E 6; ſtreighe lines 
drawn from the center C to thoſe pricks in 
the circle are the true hour-lines defired, 
Having drawn all'the hoarslines, rake 
from the ſame line of Chozds the arch.of 
your: poles clevation, or ſtile aboye the 
plane, and place « from Eto O, draw the 
190g C OA 'repreferging rhe axis of 
tghth of rhe Ale, from any parr 6f the 
1d line paralletros C8, n5 is 
BA, zſball makearrifigle;thefitreſtform 
to ſapperr the ſtile at the arue height; lerthe 
lines C 6bc horizoaral;che rriangular fiike 
CBA crecedarri c3 over the 12 of 
clock line, and then is the Diall perfeed 
cither fox the Horizontal, or the dirc& 
North and South planes, © | 


5 ProbL 6. 


To draw the bour-lines upon the direft 
Eaft or weſt planes, 


S the planes of South ahd; North 
Dials do lic inche Azirhuth bf Eaſt 

and Weſt, and their poles in che 

South and North parts of the meridian ; 
ſo do the planes of Eaſt and Weſt, Dials lic 
In the South and North azimuth, and their 
poles in the Eat and Weſt pair of the Ho- 
: r1zZon, 


(321) " 
rizon , from [whence theſe Dials receive 
their denomination, and becauſe they are 
parallc] ro the meridian line m the fanda- 
mental Scheme S ZN; ſome call rhem me- 
ridian-planes, ib | 
And becauſethe meridian, in which this 
plane licth, is one of the hoar- circles, and 
no plane that licth in any of the hour cir» 
cles can cut the axasof the ,world, bur rift 
be parallel rhercunro ; therefore the hour 
lines of all ſuch planes are alfo parallel 
each to other, and in the fundamenzal 
Scheme may be repreſenred in rhis man- 
ner | : 


LetNE $ W inthis caſe be ſuppoſed to 
be the Eqnmottiatt divided” into 24 cquall 
parrs, andter the prickt line-E 8.7. paral- 
leleo ZSbea line to that. cucle in 
E, ftraight lines from the center Z 
thorow the cqual diviſions of the limbe, 
interſcQing the 'rangent line , ſhall give 


points 1n 4, F, E, 7, 8, g, 10, 11, therow . 


which parallels being drawn. to the prime 
vertical, or 8 of clock hour line EZW, 
you have the hour-lines defired, which 
may for more cerraintics ſake be found by 
rangents alſo ; fer making ZE of the for- 
mer Scheme to be the Radius, andE 8.7. 
tangent line, as befaze 3 CC 
wra 


(312) 
mrall cangent of 15 depr, 368taken from 
a-diaponal ababery pray and 
ſcr. both waycs from E upon the tangent 
line E 8,9. gives the diſtance ef the boures 
of 5 and 7, the tangeng of zo degr,the di- 
ſans pl-hb —_ and 8, — 
rangent of 45 diſtance of 
hours of 3. and 9, &c. from the ſix of clock 
hour, as before; and is 4 general rule for 
all Lattudes whatſocver. 


The Geometrical projefiion, 


- Pxoceed then romake the Diall, and firſt 
draw the borizontal line B A upon any pare 


thereof, as at A, draw ewo obſcure arches 
DBG and FCE; and with that line of 
Chords, with which the arches weredrovn 

& 


(313) 
ſct off 38 deg, 47 min, the height of the E- 
uator at Loydon from B to D, and from C 


toE ſet off likewiſe 5t deg, 53 min, the 


height of the Pole from B ro G, and from C 
to F, and draw the ſtreighr line D AE, re- 

reſenting the EquinotQtial, as is. manifeſt 
by the angleB AD 38 deg. 47 min, which 
the Horizon makes with rhe Equator : and 
the ſtreight line F A G repreſenting the Ax- 
is ofrhe World, as is manifeſt by the angle 
FAC 51 deg, 53 min, which the Pole.and 
Horizon make, and this wil be alſo the fix 
of clock houre, or ſubſtile of this Diall, ſee- 
mgthe plainir ſelfe lieth in the Meridian, 
go deg, diſtant, And becauſe the top of 
the Stile (which may be a flrcight pin Fea 
in the point A) dothgivethe ſhadowin all 
plains chart are parallel co the Axis, ic will 
be neceflary ro ac. nave the ſtile rethe 
plain, that the hour lines may beenlarged 
or contraQted according tothe length there- 


of, the which is-done in this manner, Ler * 


rhe length ofthe plain from A be givenin 
ſome known 9 becauſe the extream 
houre of the Eaſt Dial is 11, in the Weſt x, 
reckoning 15 deg. to every houre from fix, 
the arch of the Equator will be 75 deg. and 
therefore in the right angled plain triangle 
A H E, we have given bak AE, _ 


- 
4 
i " 
. 
* 
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i the length of the plain from A, andthe 
angle A HE 75 deg, to finde the perpendi- 
cular HA, for which (by the 1 Calc of right 
ak plain Triangles) the proportion wil 
i) 

As the Radius, 99 10,700c00 

To the Baſe AE, 3.48 2.541579 
Sothe Tangent of AE H, 15 9.428052 


To the perpendicular H A, 93 [ 1.969631 


The length of the ſtile being thus propar- 
tioned to the plain, make that the Radius 
of a Circle, and thea the Equator DAE 
ſhall be a Tangant line thereunto, and 
therefore, the nart.irall Tangent of 25 deg. 
being let upon the EquinoRtiall DAE beth 
w ayes from A, ſhall give the poir.t; of 5 avd 
7: the Tangent cf 3od-g. the point» of 8 
and 4, &c,t h which treight lines be- 
ing d:awn parallc! ro the fix a clock houre, 
you have at one work made beth the Fat 
and Weſt Dial«,caly remember that been: !- 
the Sun vilerh before 4 in Cance/, and frr 
neth aftcr 8, vou muſt adde two howres be 
fore Gr in the Baſt D'all, and tw hawes 
after fin © the Weſt, that lo the plain my 
heve a+ havres 2+ 4 4 capable of 
Id Welt Dal i» the lame © all cope P 

» 
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w'th the Eaſt, only the arch BD, or the 
heighr of the Equator, muſt be drawn on 
the right hand of the center A for the Weſt 
Dial, and on the left for the Eaſt, thatfo 
the houre lines croſſing it ar right angles, 
may reſpe& the Poles of the world to which 
they are parallel, 


Probl, 7. 


To draw the boure-lines upon 2 South or 
North ereft plain declining Eaſt 
or weſt, to any decli- 
nation given, 


Very cre& plain licth under ſome A- 
E z.imuth or other, and thoſe only are 

ſaid to decl ine which differ from the 
Mcridian and Prime Vcitical. The decli- 
nation therefore b i.:g attained by the rules 
already given, (or by what other means 
you like beſt) we come wo the RE 
of the Diall « fclie, in the 
kndamemall tehems by —_— nc 
G7 D, che Pules whicw et re C Y, he 
ca ination from the Youth + afteety NC, 


os North W SY, FF 


now \ © be 
+ has. « «04 1 
Prop ts 'ihes place cre the black 


may be applied to the Nerth ; becauſe as 

the South pole is #bore the South plane 38 

degr. 47 min, ſo is the North pole under the 

North plane as much, and cach ſtile muſt 

reſpeR his own pole, onely the meridian 

upon this plane repreſcnterh the mid- 

night , andnotthe ngqon, and the hours a- 

it 9, 10,11, and r,2, 3, are altoge- 

ther ufcleſſe, becauſe the Sun in his great- 

eſt northern- declination hath bur 39 degr. 
go min, of amplitude in this our Latirude ; 

and therefore riſcttr bur 22 min .. before 4, 
in-che morning, and ſertcth fo much after 

8 atnighe ; neither can it ſhine upon this 

plane longer then 35 min, paſt 7. in the. 
morning, and returning to it as much before 
5 at night, becauſe then the Sun paſſeth on 

the North fide of the prime vertical, in 
which this planc. licth, and-eomerh upon 
the South, 

Now therefoxe to make this Dial; is Bur 
raxurn the South: Dial upfide- down, and 
leave out all the ſuperfluous hours berween 
5. and 7, 4 and 8, and the to” oe 

| or 


( 309) 
N. ah plane w mage © your band, 
The Gromervicall proje flier, 

To theſe and the Hor:tonesl Dr 
bs, do : Firſt, drawehe 
lar line C E B, which ischerwcive of clock 
hour, crofle x 2c right with 6C 6, 
OED hs Gp ang 
with your compatiics 60 from a line 
Chords, 2nd Ca enardenr be 
cucle 6E 6, pr condo in 


which the plane doth lic ; this done 
from the ſame Chotd all the bour jo 


ces, and ſcrring one foot of your compaſſes 


— 


inF, with the other mark out thoſe honr 


diſtances before foynd by calculation, borh 
wayes 


(310) 


wayes upon rhecircle 6 E 6; treight lines 
drawn fromthe center C to thoſe pricks in 
the circle are the true hour-lines deſired, 
Having drawn all the hourslines, rake 
from the ſame line of Chords the arch. of 
your: poles elevation, or ſtile aboye rhe 
plane, and place x from Eto O, drawthe 
_ line C O A repreferging the axis or 
tghth of rhe file, from any parr 6f the 
meridian draw a line parallel ros C6, as is 
BA,& ir ſhall make a'rrifgle;the fixreſtforrm 
ro ſapport the ſtile at the true height; letthe 
line 6 C 6bc horizonral,rhe rriangular ftile 


clock line, and then is the Diall perfeRed 
cither for the Horizontal, or the dire& 


North and South planes, 
0 ProbL 6. 
To draw the bour-lines upon the direft 
Eaſt or weſt planes, 
S the planes of South ahd North 
A Dat 0 lic inche Azimuth of Eaſt 
| and Weſt, and their poles (in the 
South and North parts of the meridian ; 
ſo do the planes of Eaſt and Weſt, Dials lic 
in the South and North azimurh, and their 
poles in the Eaſt and Weſt part of the Ho- 
rizon, 


C BA erected atright anplcs over the 12 of - 


(31) « 
tizon , from {whence theſe Dials receive 
their denomination, and becauſe they are 
parallcl ro the meridian line m the funda- 
mental Scheme S Z N; ſome call rhem me- 
ridian planes, " 
And becauſe the meridian, in which this 
plane lieth, is one of the hour- circles, and 
no plane that licth in any of the hour cir- 
cles can cut the axisof the ,world, bur nuift 
be parallel thereunto ; therefore the hour 
lines of all ſuch planes are alſo parallel 
each to other, and in the fundamental 
Scheme may be repreſenred in this man- 
ner, 
LetNE $ W inthis caſe be ſuppoſed to 
be the EqrinoCtiatt divided into 24 equall 
parrs, and ter the prickt line E 8,7. paral- 
leltoZSbea line to that circle in 
E, firaight lines drawn from the center Z 
thorow the cqual diviſions of the limbe, 
interſeRing the tangent line, ſhall give 
points 1n 4, 5, 6, 7, 8, 9g, 10, 11, thorow . 
which parallcls being drawn. to the prime 
vertical, or 6 of clock hour line EZW, 
you have the hour-lines defired, which 
may for more cerraintics ſake be found by 
rangents alſo ; for making ZE ot the for- 
mer Scheme to be the Radius, andE 8.7.3 
rangent line, as befaze 3 A 
rura 
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wrall cangent of 15 degr, 368taken from 
a-diagonal ſcale cqual re the Radius, and 
ſcr. both waycs from E upon the tangent 
linc E 8.9. gives the diſtance of the boures 
of 5 and y, the tangenr of zo degr, the di- 
ſtance of the hours of 4 and 8, and thc 
rangent of 45 degr. the diſtance of -the 
hours of 3 and 9, &c. from the ſix of clock 
hour, as before; andis a general rule for 
all Lattudes whatſocyer, 


The Geomuricall projeftion, 


- Pxoceed then romake the Diall, and firſt 
draw the horizontal line B A upon any pare 


thereof, as at A, draw ewoobſcure arches 
DBG and FCE; and with that line of 
| Chords, with which the arches were drawn 


| ſer 


Y 
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{ct off 38 deg, 47 min, the height of the E- 
quartor at .0#don from B to D, and from C 
toE ſet off likewiſe 5t deg. 53 min, the 
height of the Pole from B ro G, and from C 
to F, and draw the ſtreighr line D AE, re- 

reſenting the Equinottial, as is manifeſt 
by the angleBAD 38 deg. 47 min, which 
the Horizon makes with the Equator : and 
the ſtreight line F A Grepreſenting the Ax- 
's ofrhe World, as is manifeſt by the angle 
FAC 1 deg, 53 min, which the Pole.and 
Horizon make, and this wil be alſo the fix 
of clock houre, or ſubſtile of this Diall, ſee- 
mgthe plainir ſelfe lieth in the Meridian, 
go deg, diſtant, And becauſe the top of 
the Stile (which may be a flrcighr pin Fed 
in the point A) doth givethe ſhadowin all 
plains that arc parallel co the Axis, it will 
be neceflary ro PO the ſtile ro the 
plain, that the hour lines may be enlarged 
or contraQed according tothe length there- 
of, the which is-done in this manner, Ler *' 
the length ofthe plain from A be givenin 
ſome known rey becauſe the extream 

houre of the Eaſt Dial is 11, in the Weſt 1, 

reckoning 15 deg. to every houre from ſix, 

the arch ofthe Equator will be 75 deg. and 
therefore in the right angled plain triangle 

A H E, we have given - bake AE, _ 


ee nn 


— 
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i the length of the plain from A, andthe 
angle AHE 75 deg, to finde the perpendi- 
cular H A, for which (by the 1 Cale of right 
angled plain Triangles) the proportion wil 
be, 
As the Radius, 99 10,000C00 
To the Baſe A E, 3.48 2.541579 
Sothe Tangent of AE H, 15 9.428052 


—_— 


To the perpendicular H A, 93 X: I,969631 


The length of the ſtile being thus propor- 
rioned to the plain, make that the Radius 
of a Circle, and then the Equator DAE 
ſhall be a Tangent line thereunto, and 
therefore, the nat.rall Tangent of 15 deg, 
being {et upon the Equino&tiall D AE beth 
wayes from A, ſhall give the poir.ts of 5 apd 
7: the Tangent of 3odcg. the points of 8 
and 4, &c, through which ſtreight lines be- 
ing diawn parallel rothe fix a clock houre, 
you have at one work made beth rhe Eaſt 
and Weſt Dials,only remember thar becauſe 
the Sun riſcrth before: 4 in Cancer, and fer- 
reth after 8, you muſt adde two houres be- 
fore fix in the Eaſt D'all, and two' houres 
after fix in the Weſt, that fo the plain may 
have as many hovres as it is capable of, 
- The Weſt Dial is the ſame in all ____ 
w. 
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with the Eaſt, only the arch BD, orth 
height of the Equator, muſt be drawn on 
the right hand of the center A for the Weſt 
Dial, and on the left for the Eaſt, that fo 
the houre lines croſſing ir ar right angles, 
may reſpe& the Poles of the world to which 
they are parallel, 


Probl, 7. 


To draw the boure-lines upon 24 South or 
North ereft plain declining Eaſt 
or veſt, to any decli- 
nation given, 


Very cre& plain licth under ſome A- 
E z.imuth or other, and thoſe only are 

{aid to decline which differ from the 
Meridian and Prime Vcitical, The decii- 
nation therefore bing attained by the rules 
already given, (or by what other means 
you like beſt) we come to the calculation 
of the Diall ir ſ{elfe, repreſented in the 
fundamentall Scheme by the right line | 
G Z D, the Poles whercof are C and V, the 
declination from the South Eaſterly N C, 
or North Weſterly S V, 25 dep. ſuppoſing 
now S to be North , and N South; W Eaft, 
and E the Weft point, the houre circles 


proper tothis plain are m” black lines paſ- 
P32 
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15 rhe length of the plain from A, andthe 
angle AHE 75 deg, to finde the perpendi- 
cular HA, for which (by the 1 Calc of right 
angled plain Triangles) the proportion wil 
) 

As the Radius, 99 I0,000C00 

To the Baſe AE, 3.48 2.541579 
Sothe Tangent of AE H, 15 9.428052 


—_— 


To the perpendicular H A, 93 = I,969631 


The length of the ſtile being thus propor- 
tioned to the plain, make that the Radius 
of a Circle, and then the Equator DAE 
ſhall be a Tangent line thereunto, and 
therefore, the nat.irall Tangent of 15 deg, 
being {et upon the EquinoG@tiall D AE beth 
w ayes from A, ſhall give the poir.ts of 5 and 
7: the Tangent of 3odcg. the points of 8 
and 4, &c, through which ſtreight lines be- 
ing diawn parallel tothe fix a clock houre, 
you have at one work made beth the Eaſt 
and Weſt Dials,only remember thar becauſe 
the Sun riſcth before: 4 in Cance/, and fer- 
reth after 8, you muſt adde two houres be- 
fore fix in the Eaſt D'all, and two' houres 
after fix in the Weſt, that ſo the plain may 

have as many hovres as :t is capable of, 
- The Weſt Dial is the ſame in all ons 

w.. 
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with the Eaſt, only the arch BD, orth 
height of the Equator, muſt be drawn on 
the right hand of the center A for the Weſt 
Dial, and on the left for the Eaſt, that fo 
the houre lines croſſing ir ar right angles, 
may reſpe& the Poles of rhe world to which 
they are parallel, 


Probl, 7. 


To draw the boure-lines upon 4 South or 
No#th erett plain declining Eaſt 
or Weſt, to any decli- 
nation given, 


Very cre& plain licth under ſome A- 
E zimuth or other, and thoſe only are 
{aid to decline which differ from the 
Meridian and Prime Vcatical. The decii- 
nation therefore b.:ing attained by the rules 
already given, (or by what other means 
you like beſt) we come to the calculation 
of the Diall ir ſelfe, repreſented in the 
fundamenrall Scheme by the right line | 
G Z D, the Poles whercof are C and V, the 
declination from the South Eaſterly N C, 
or North Weſterly SV, 25 deg. ſuppoſing 
now S to be North , and N South; W Eaft, 
and E the Weft point, the houre circles 
proper to this plain arc the black lines paſ- 
ES ing 
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fing through the Pole P, and croffing upon 
the plain G Z D, whercin note generally 
that where they run ncereſt together,there- 
abouts muſt the ſub-ſtile ſtand, and alwayes 
on the contrary hde to the declination, as 
in this example declining Eaſt, the ſtile 
muſt tand on the Weſt ide (ſttppoling Pro 
be the South Pole) berween Z and D, the 
reaſon whercof doth manifeſtly appear; be- 
cauſe the Sun riſing Eat, ſendeth the ſha- 
dow of the Axis Weſt, and alwaycs to the 
oppoſite parr of the Meridian wherein he is, 
wherefore reaſon enforceth, that the morn- 
ing houres be put on the Weſt fide of the 
Meridian, as the evening houres are onthe 
Eaſt, and from the ſame ground thazthe 
ſubſtile of every. plain repreſcnring rhe Me- 
ridian thercof, muſt alwayes ſtand on the 
contrary fide to the declination of the plain 
and that the houre-lines muſt there run 
neereſt rogerher, becauſe the Sun in that 
| is at right anglcs with the plain, 
or the making of this Diall three things 
muſt be found, 
1, Thecleyation of the Pole above the 
pain, m—_—_— by P R, which isthe 
eight of the ſtile , and is an atrch of the 
Meridian of the plain, berwecn the Pole of 
the world and the plain, 
2. The 
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2, Thediſtance of rhe ſubſtile from the 
Meridian, repreſented by Z R, and is an 
arch of the plain berwcen the Meridian and 
the tubſ{lile, 

2. The angle Z PR, which is an arch 
between the {:bſti]e PR the meridian of the 
plain, and the linc P Z the meridian of the 
place, and phefe are thus found, 

Becauſe the ſubſtile is the Meridian of 
goin, it muſt be part ot a great cucle 
paſling through the polc of the world , and 
croſlung the plain at right angles, therefore 
in the ſuppoliecd right angled triangle PRZ, 
(for yer the place of R is not found) you 
have given the baſe P Z 38 deg,47 min,and 
the angle P Z R the complement of the de- 
clination 65 deg, and rhe ſuppoſed right 
angle atR, to fhinde the fide PR, which js 
the height of the ſtile as aforeſaid, but as 
yet the place unknown : whereſore by the 
$ Caſe of right angicd Spncrical Triangles 
the analogie is, | 


As the Radius,  10,00"c9 
To the fineof PZ, 38.47 ' <.L, 9.793863 
f*  Sorthe fine of PZR, 65 : 9 957275 
o the finc of P R, 34.3z © HS 9.951138 


Secondly,you may finde ZR the diſtance of 


the ſubſtile from the meridian,by the 7 caſe 
| of. 
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of right angled Spherical Triangles. 


As the Radius, go , 10,9c0060 


To the Co-lincofPZR,fs5 ,,*)9.62935Þ 


CL, Soisthe rangent oP Z,38.47 9.900138 


— f w— 


£9 1fTo the tangent RE R 29 9.529516 


18 
| (0.8 
Theſe things given , the angle at P be- 
tween the two meridians may be found by 
the 9 Caſe of right angled <phericall Tii- 
angles, for the proportion'is, 


. . As theRadius, 90 ' 19,000009 
To the Co-ſinc of P Z, 38.47 9.893725 
So the Tangent of PZR,65 10.33! 3:7 


To the Co-rang, of RPZ, 30.78 1 0.225052 


# Having thus found the angle between the 
Meridians to be 3odeg, 78 min, you may 
conclude from thence,that the ſubſtile ſhall 

fall berween the 24. & third houres diſtance 
fromthe Meridian of the place, and there- 
fore between 9 and 10 of the clock inthe 
morning, becauſe the plain declinerh Eat 
from us, 9 of the clock being 45 deg. from 
the Meridian , and 1oof theclock zo dep. 
diſtant, now therefore let fall a perpendi- 
cularberween 9 and 10, the better ro inform 
the fancic in the reft of the work , and = 


"ol 


” 
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ſhall make up the Triangle P R Z before 
mentioncd and ſuppoſed,which being found 
we may calculate all tic houre diſtances 
by rhe firſt caſe of rig) angled ſphericall 
Triangles, For, © 


As the Radius, 
Is to the (ine of the baſe PR; 
>S'is the Tangent of the angle at the per- 
pendicular, RP, 
Tothe rangent of R 9g the perpendicular 


The anglCar P is al;va yes the FquinoCt;- 
all difla ice of the houre line from che ſub- 
ſtile, and may thus be ſound : If the angie 
berwcen the Meridians be tefſe than rhe 
houce diſtance, ſubſiraR the diſtance of the 
ſubtile from the houre diflance ; if greater 
ſubſtract rhe houre diſtance from that, 'and 
their d'ſference ſhall give you the Equino- 
Qtall diſtance required, 

Thus in our Example, the angle berween 
the Mcridians was found to be 3o deg.7% m, 
and the diſtance of 9g of the cjock from 12 
is three houres, or 45 dep, - if therefore 1 
lubſtra& zo deg. 78 min. from 45 ho 5" 
remainder will be 14 dep, 22 min, .the di- 
ſtance of 9 of the clock from the ſubtle, 
Again, the diſtance of 10 of. the clock 
fiomthe Meridianis 30 deg, and rherefoic 

. P A ft 
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if I ſubſtrat zodeg, from 3odeg. 78 min, 
the diſtance of 10 of the clock from the 
jubſtile will be 9$ cenreſms or parts of a de- 
gree: the reſt of the houres and parts arc 
eaſily found by a continual addition of 15 
deg, forevery houre, 7 deg.5o min, for half 
an houre, 3 deg, 75 min, for a quarter of 
an houre, as in the Table following you 
may perceive, the which conſiſts of gþrce 
columns, the firit containeth the houres,the 
ſecond their EquinoGtiall diſtances from 
the ſubſtile, the third and laſt the houre 


arches, computed by the former proportion 
* . 
in this manner, 


As the Radius, go. 10,c00000: 
Is ro theſfine of PR, 34.32 9.751136 * 
Sois the tang, of RP g, 14.22 9.403824 
To the tangent of R 9, 8.13 9.154960 
H [-£4s. Arches  [Htqu. tobe 
89 22.188 61 15 78] 9 05 
63 33] [121/20 7${11s 56 


4 

5 

6 159 22143 47 1/45 781z0 of 
7 \44 22[28 75 2160 78145 23 
" 
J 


29 22117 50 3/75 78165 $0 
14 22] 8 13 4/\go 78188 61 
end. ſubſiil 
oo 78Þoo 44] | 
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The Grometricall Projection, 


Having calculated the -hour diſtances, 
you may thus make the Diall ; Draw the 
Horizontall line AC B, thcn croſle tt ar 
right angles in C, with the line CO r:, . 
Take 60 degrees from a Chord, an ma- 
king C the Center, draw the Semicircle 
AOB, repreſcnting the azimuth GZD in 
the Scheme, in which the plane lieth ; up- 
on this circle from O ro N fer off rhe di- 
ſtance of the ſubſtile from rhe Meridian, 
which was found before to be 18.70, upon + 
the Weſt fide of the Meridian, becauſe this 
plane. declineth Eaſt, then take off.the 
ſame Chord the ſcverall hour-diſtances, as 
they are ready calculated inthe table, vx, . 
8.13, for 9, 17.50. for 8: and ſo of the 
reſt ; and ſerthem from the ſubſtile upon 
thecircle R NO, as the Table ir ſelf di- 
re&eth ; draw ſtreighr lines from the cen- 
re: C to theſe ſeveral points, ſo have you _ 
the true honr lines, which were defired : 
and laſtly, rake from the ſame Chord the- 
heighth of the Rtile found to be 34. 32. 
which being ſct from N to R,and a ſtreight 
line drawn from C through R repreſenting 
the axis, the Diall is nifhed for uſe. 

In applying itto any wall or plane, let 

5 CB. 
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ACB be horizontal, C O perpona.cular, 
and the fide or axis of the ſtile, C R point- 


ing downwards, creed over the luvſtile - 


line C N; fo have you fitted a Diall for a= 
ny South plane declining Eaſt z5 degrees, 
Nay, thus have you made four Dials in 
one, V1%, a South declining Eaſt and Weſt 
25 cegrees, and a North decl:ning Eaſt or 
Weſt as much; to make this plainly ap- 
pcar, ſuppoſe in the fundamental Scheme 
if N were again the North part of the ho- 
rizon, P the Noth pole, and that GZD 
were a Notth declining Weſt 25 degrees, 
then do all the hour-circles crofle rhe ſame 
plane, as they did the former ; onely D*Z 
which was in tie former the Eaſt fide will 
now be the Weſt: and conſequently the” 
afrernoon hours muſt ſtand where the tore- 
noon hours did, the ſtile alſo, which in the 
Eaſt declining ſtood between g and 1o, 
muſt now ſtand between 2 and 3 of the at- 
rernoon hours, And leſt there ſhould be. 
yet any doubt conreived,I have drawn to 
the Sonrh declining Eaft 25, the North de- 
cliving Weſt as much ; from which to 
make the Sourh declining Weſt,and North 
declining Faſt, you need ro do no more 
then prick theſe hour lines through gn 
per, and draw them again on the other 
_— 


Af 
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fide, ſtile and all ; fo ſhall they ſerve rhe 


turn, if you place the morning hours in the 
one, where the afternoon were in the other, 


Fifa Sobife eEEel 
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APPENDIX. 


To draw the hour lines upon any plune de- 
clining far Eaſt or weſt, without re- 
ſped to the Center, 


A He ordinary way is with a Beam- 
: compaſle of 16, 18, or 20 foot long, . 

to draw the Diall upen a large floor, 
and then rocut off the hours, ſtile and all, 
At 1o, 12, or 14 foot diſtance fromthe cen- 
rer, but this being roo mechanical for them 
that have any Trigonomerrical skill, I 0- 
mir, and rather commend the way follow- 
ing ; by help whereof you may upon half 
a. ſheer of paper make a perfe& model of 
your Diall, ro what largenefle you pleaſe, 
- withour any regard at all tothe Center, 


Suppoſe the wall or plane D ZG, on. 
which you would make a Diall to decline 

+ from.N ro C,thar is from the Sourh Eaſter- 
Iy83 degrees, 62 min, ſer down the _ 
an - 


| 
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and by them ſeck the Queſita, according 
t the former direQions, 

The Data or things given are two, 

1, PSthe poles elevation x51 degrees, 53 
minutes, 

2. SA, the planes declination ſoutheaſt 
8; deg, 62 min, 

The LQueſita or things ſought are three, 

1. PR the hejghrof the ſtile 3 degrees 
97 minutes, 

2, Z R, thediſtance of the ſubſtile from . 
the meridian 38 deg. 3omin, 

3. ZPR, the angle of the meridian of 
the plane with the meridian of the place 
85 degrees, which being found, according ' 
to the former dire&ions, the ſubftile line 
muſt fall within five degrees of fix of the 
clock, becauſe 85 degrees wanteth bur 5 of 
90, the diſtance of 6 from 12, Now there- 
fore make a table, &cording to this ex- 
ample following , wherein ſet down the 
houres from 12 , as they are cquidiſtant - 
from the meridian, and unto them adjoyn - 
their EquinoRial diſtances, and write Me+ 
ridian and ſubſtilc berween' the hours of 6 
and 7, and write 5 degrees againſtthe hour 


of 6, 10 degrees againſt the of 9, and : 
En ditance, of cach hour 
adde the natural rangents of thofe diſtan- 

C65z 


TIT" 
ces, as here you ſee, So is the Table prep 
red for uſe, by which you may eafily fram 


this maniier, 


the Diall ro whar greatrieſle you will, a 


;Hours 


| 


Equ,diſt, | Tang, | 
4] 8135 o©|- 700 
is} 7120 of 364 
6} 6 | 5 fs) o87 

Meridia \ Subſtile 
71 5|10 | #176 
8] 4|25 of 4466 
9] 3/49. of 839 
to] 2155 O] 1,428 
it] 1]795 of 2.947 
[12 [12185 - o[ 11,450! 


The Geometricall projefiion, 


Proportion the plage BCDE, whereon 
you wilt draw the Diall co what ſcanrtling 
youthink fir, Let V P repreſent the hori- 

* zontal line, upon'any part thereof, as at D, 
make choice of a fir place for the perpen- 
dicular ftile (though afterwards you may 

uſe another forme) neer abour the upper 

= re of the plane, becauſe the great angle 
tween the two Meridiaris maketh the 

ſubſtile, which muſt paſſe thorow the w_ 

=_ 
2 


{} 
4 


CY 


AC Ni. youre moon 
cringe fabſtle x ar right angles; which 
tly drawn, will cut the horizontal 
line ar 6 of the clot, and make an angle 
off 38 deg, 30 min, with the horizon, equal 


rothe di of the ſybſtile from the Me- 
ridian, 


£ 5 


hr —_ ” 

make choice of a ft place fot me p<rpen- 
dicular ftile (though afterwards you may 
uſe another forme) neer abour the upper 
parr of the plane, becauſe the great angle 
the rwo Meridiaris makerth the' 

ſubſtile, which muſt paſſe thorow the peta ; 
| 0" 1. + 


* 2 


A, 4 


a, 


P; to fall ſo: near the 6 of clock hour, as 
thatthere may be but one hour placed a- 
bove ir, if you defire to have rhe hour of 
11 upon the plane, which is-more uſeful 
then 4, let P be the center, and with any 
Chord (the greater the berrer) make two 
obſcure arches; one above the horizontal 
line, the other under it, and withthe ſame 
. Chord ſeroff rhe arch of 51. 70. which is 
the angle berween the ſubſtile and horizon, 
and is the complement of the angle be- 
rween the ſubſtile and meridian, and ſer ir 
from V to T both wayes, rhen draw the 
ftreight lineT PT, which ſhall be the ſub- 
ſtile of rhis Diall, Z 

This done, proporrtion the lengrh of Þ O 
the perpendicular ſtile to what Rogan 
you will, and from a diagonal Scale fitre 
to the Radius of your intended perpendi- 
cular ſtile, ſcr off 69, the mane] Saab 
of 3 degrees 97 min, the height of the ſtile 
found by calculation from P to-H, Then by 
a ſcale proportionaltothe Radius P O,and ' 
at the point H draw the EquinoRial KHiz, 
—_— ſubſtile ar right angles; which 
if rightly drawn, will cut the horizontal 
line at 6 of the clock, and make an angle 
of 38 deg, 30 min, with the horizon, equal 
rothe di of the ſubſtile from rhe Me- 

"= TER ridian 


a «© 


/ 
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ridian, upon this EquinoQial line makin 

HO the Radius, ſer off 364, rhe memes, 
rangent of 20 degrees from H upwards for 
rhe 5 of clock hour, and 2747 the natural 
ranpent of 90 degrees, from H downwards 
for the x1 of clock honr, if theſe two hour 
diſtances fit notrhe plane ro your liking, 
make P O greater or lefler,as you ſce caule, 


— - 


for according to this , the diſtance of H -* 


from P, (by which rhe EquinoRial line 
muſt be drawn) the length of H O,and the 
width of all rhe hour lmes muſt yary pro- 
PnR, bur if rhey fir rhe plane, ws 

y your ſcale proportioned to the Radius 
H O, and the help of the narural rangents 
ſer the hours upon rhe RR aſter 
this manner : In the righr angled plain 
triangle H Gr, having ts perpendicular 
HG equalto HO piven in ſome known 
parrs : as ſuppoſe 206, that is 2 inches and 
6 partsof an inch, and the angle HG 11, 


. 70 degrees, the baſe H 11 may be found by 
che firſt caſe of right angled plain rtrian- 


gles: for, 


Asthe Radius 90 10.000000 


Is ro-the perpendicular HG 206, 2.313867 
Sois the tangent of HG11, 96. 10.43 8935 


; TothebaſcH IJ, $66; &: 2.752802 


Which 
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Which is 5 inches, and 66 hundred parts 
for the diſtance of 11 a clock from the 
point H, and will be the ſame with thoſe 
points ſer off by the natural tangents in the 
Table, Having done with this EquinoGti- 
all, you muſt do the like with another : to 
tinde the place whereof, it will be neceſla- 
ry ficſt tro know the length of the whole 
line from H rhe EquinoRial tothe center of 
the Diall in parts of the perpendicular ſtile 
P O, if you will work by the ſggle of inch- 
es, or elſe the length in natal tangents, 
if you will uſe a diagonall Scale : firſt 
therefore, to finde the length thereof in 
inch-meaſurc, we have given in the right 
led plain triangle H O P, the baſe OP, 
and the _ ar O to, finde HP, and m 
che rriangle OP center, We have given 
the perpendicular OP, and the angle PO 
center the complement of the former, to 
finde H center : wherefore, by the firſt caſe 
of right angled plain triangles : 


As the Radius 90 190,900000 
Is tothe baſc OP 206; 2.313867 
S0 is the tang, of HOP 3,97, 3.841364 


Tothe pervendicular PH r4,  1.15533k 
Again, 
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Again, 
As the Radius go, _ 10,000060 


Is to the perpend, OP 20F, 2.313867 
So is the tang, P O center $6.3, 11.159636 


pm_—_— 


To the baſe P center 2972 3.47 2403 


Addethe two lincs of 014 and 2572 to- 
gcther,and you have the whole line H cen- 
ter 2986 in parts of the Radius PO, viz, 
29 inches, p 86 parrs; our of this line 
abate what parts you will, ſuppoſe 34 aun; 
is, 3 inches and 43 parts, and then the rc- 
mainer will be 2643, Now if you ſect 343 
from H to 1, the triangle I O center will be 
equiangled with the former, and I center 
being given, to inde L O, the proportion 
53 


AsHcenrer the firſt baſe1986,co,ar,6.524911: 


Is to HO, the firſt perpend.ze6, - 2.313857 


So is I center the 24, baſe 2643, 3.422097 


TolO the 24. perpend. 182, 2,260875 


Having thus found the length of 1O to 
be one inch, and 32 parts; make thar the 


Radius, and then N T 4 ſhall be a rangent 


line thereunto, upon which, according to 
this new Radiys, ſet off rhe hour-diſtances 


beſore - 
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before found, and ſo have you 2 pricks, by 
which you may draw the height of the ſtile 
O O, and "9%. pace Figs for the Dial. 

The length of H center in natural ran- 
gents, is thus found, H ÞP c69 is the rangent 
line of the angle HO Þ 3 deg. 97 min, and 
by the ſame reaſon P center 14421 is the 
rangenr line of P O center 86.3, the com- 
plement of the other, and. rhergforc theſe 
two tangents added together do make 
14490, the length of the ſubtle H center, 
that is, 14 times the Radius, and 49 parts, 
out of which ſubftra& what number of parts 
you will, the reſt is the diſtance from the 
ſ:cond Equino&ial to the center in na- 
rural tangents ; ſuppoſe 158 to be ſub- 
ſiraed, that is; one radius, and 58 parts, 
which ſer from HteT, in proportion tothe 
Radius HO, and fromthe point 'T draw 
the line N T 4 parallel to the former Equr- 
noial, and there will remain from T ro 
the center 1291, Now to finde the length 
of LO, the proportion, by the 16th, of 
the ſecond, will be 
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As Hcenter 1449, c0.4r, 6.838931 
IstoHO 321, 2,506 yoſ 
S0 is T center 1297, 3.110926 


To TO 286, 2.456363 


Now then if you ſet 286 from T toO in 
the ſame meaſure , from which you rook 
H O, then may youdraw O NO, and the 
tangents in the Table ſcr upon the line NT 
in proportion ro this new. radius TO, you 
ſhall have two pricks, by which to draw the 
hour-lines, as before, 


Probl, $. 


To draw the bour lynes upon any dire plane, 
rechaing or inclining Eaſt or weſt, 


: Fltherto we have only ſpoken of ſuch 
planes, as are cither parallel or per- 
=pendicularto the horizon, all which 

' except the horizontal, lic in the plane of 
ſome azimurh or other, The reſt that fol- 
Jow axe reclining or inclining planes, ac- 
cording to the reſpe& of the upper or ne- 
ther faces of the planes, in thoſe that re- 
cline, the baſe is a line inthe plane, paral- 
lel to the Horizon or Meridian, and al- 
Wwayes ſciruare in ſome azimuth or mw_ : 
thus 


4 


od 3 % F * 
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thus the baſe of the Eaſt and Weſt recli- 
ning planes lie in the Meridian, or South 
and Notth azimuth, and the poles thereof 
in the prime vertical, bur the plane ir ſelf 
in ſome circle of poſition (as it is AﬀtroJo- 
gically taken) which is a greatcircle of the 
Sphere, paſling by the North or South in- 
terſe&ions of the meridian and horizon, 
and falling Eaſt or Weſt from tlie Zenith 
upon the prime vertical, as much as the 
poles of the plane are eleyared anddepreſ- 
{ed above and under the horizon, And 
chis kinde of plane rightly conceived and 
repreſented in the fundamental Scheme by 
NOS, isno other bur an cre& declining 
plane in any Countrey, where the pole 1s 
e'cyared the coriplement of ours : for if 
you conſider the Spherc,ir is apparent, that 
as all the azimuths, repreſenting the de- 
Cliners, do crofle the prime vertical in the 
Zenith, and fall at right angles upon the 
horizon, 5 do all the circles of poſition, | 
repreſenting rhe reclining and inclining 
Eaſt or Weſt plancs crofle the horizon in 
the North and South points of the Meridi- 
an, and fall at 1ight angles upon the prime 
vertical, From which analogic it commeth 
ro pafſe, that making a Diall declining zo 
degr, from -the Meridian, it ſhall _ the 

| Amec 
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ſame thar a reclining 3o degr. from the 
Zenith, and contrary, onely changing the 
poles cleyation into the complement there- 
of, becauſe the prime vertical in this caſe 
is ſuppoſed to be the horizon, above which 
the polc is alwayes eleyatcd the comple- 
ment of the height thereof above the ho- 
rizon, 

And therefore the poles eleyation and 
the planes reclination being given, which 
for the one ſuppoſeto be, as before, 51 deg, 
53 min, andthe other, that is, the reclina- 
tion 35 degrees towards the Weſt, we muſt 
finde (as in all decliners) firſt the height 
of the pole above the plane, which in. the 
ſundamental diagram is PR, parr of the 
meridian of the plane berween-the Pole of 
the world and theplane, 2, The diftance 
thereof from the meridian of the place, 
which is N R pant of the plane berwixt rhe 
ſubſtile and the meridian. 3, The angle 
berwixrt the two meridians N P R,by which 
« you may calculate the hour diſtances, as in 
rhe decliners, 

Firſt, therefore in the ſuppoſed triangle 
NPR (becauſe you know not yet where 
R ſhall fall) you have therighrangleatR 
the ſide opp>fite PN 5x depr. 53 min, and 
the angle at N, whoſe meaſure is the recli- 

nation 
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nation Z O 35 degr, to finde the fide PR, 
the height of the ſtile, or poles elevation 
:bove the plane, wheretore, by the cighth 
caſe of right angled ſpherical triangles, the 


analopic 1S 


Astbc Radius 9o, 10,000000 
Is to the fineof PN F1.53. 9.893725 
So isthe fnePNR 3Ff. 9.758591 


To the fine of the ſide PR 26.69, 9.652316 


Secondly, you may finde the ſide NR, 
which is the diſtance of the ſubſtile from 
the meridian, by the ſeventh caſe of righr 
anglcd {phericaltrianglcs ; for 


As the R:dius 90, 10.000000 
Is to the cculneof PNR 35, 9.913364 
So is the tangent cf P NF51.53, 10,09986 1 


—— 


To the tangentof NR 45,87, 10,013225 


Thirdly, ri:* argle at P between the two 
meridians m.++ bc feund by the ninth caſe * 
of right anglec. ipherical rz,angles, 


As the Radius 5+ 19,200000 
Is ro the co-finz »t > N, 51,53, 9.793864 
So is the targetie of *NR35, g.845227 


Tothe co-tangent of RPN 66,46,9.6 39091 
y The 
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The angle atP being 66 dep, 46 min, the 
perpendicular PR muſt needs fall ſome- 
what neer the middle berween 7 and 8 of 
the clock; if then you deduR rhe Equino- 
&ial diſtance of 8, which is 60, from 66 
deg. 46 min, the Equino&ial diſtance of 8 
of the clock from the ſubſtile will be 6 deg, 
46 min, again, if you dedu& 66 degr. 47 
min, from 75 deg, the diſtance of 4 from 
the Mcridian, the EquinoRiall diſtance of 
7 from the ſubſtile will be 08, deg, 53 min, 
the reft are found by the continual additi- 
.onof 15 deg. for an hour : thus, 1 degr, 
and 6 degr, 47 min,do make 21 deg.q7 min, 
for 9 of  « clock; and fo of the reſt, And 
now the hour diſtances upon the plane may 
be found by the firſt _ of right angled 
ſpherical triangles ; for 


As the Radius go, 110,000000 = 


Is to the fine of PR 26.69, 9.652404 
So is the tangent of R P.8, 6.46. 9.053956 


To the tangent of R 8, 2.91." 8.706360 


Theſe 2 deg, 91 min. are the true diftance 
of 8 of the clock from the ſubſtile, And 
there is no other difference ar all in calct- 
lating the reſt of che hours, but increaſing 
the angle at B, acccording to cach any 

uUl- 
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EquinoRial diftance from the ſubſtile, 
The Geometrical Projeftion, 


Having calculated the hour diſtances, 
you ſhalfthus make the Diall; ler A Þ be 
the baſe or horizontal line of the plane pa- 
rallel tro N Z S, rhe meridian line of rhe 
Scheme, And ADEF theplane reclining 
35 degr, from the Zenith, as doth SON 
of the Scheme;zthrough any par of the 
plane, bur moſt convenient for the hgures, 
draw a line parallel to the baſe AD 
ſhallbeGO x12, the x2 of the clock Hour 
repreſenting NZ S of the Scheme; becauſe 
the baſe AD is parallel-ro the meridian, 
take 60 degrees from'a Chard, afid make 
Grhe center, and draw the circle PRO, 
repreſenting} the circle of poſirioy N O'S 
inthe Scheme in which this plane lierh s 
fromthe point O ro R Weſterly in the Eaſt 
reclining, & Eaſterly inthe Weſt recliging, 


_ diſtance of the ſubſtile ard me- ' 
ridian formerly found to be af de 87 - 
, EV rkb 


mit, and 'drawthe ptickr line GKfor 
ſubſtile, ap wPR in rhe Scheme 
'GO tn the Diall ing the arch 


PN, andOR inthe plane the arch NA 
in the Scheme, From Gs galls R af the 
ces 


hour” 


ſubfiile both wayes fer off 
| <Q. 


| 
\? 
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ces, by help of the Chord , for 8 of the 
clock 2 dcgr, gi min, and fo of the reſt; 
and draw ftreight lines from the center G 
throygh thoſc points, which ſhall be. the 
truc hour lines defired, Laſt & N11, rhe 
hcighr' of the ſtile PR 26 degr, 69 min, 
being ſer from RroP, draw the ſtreighr line 

St wes! Rocl 
 #F5x67 8 |] 


| 6 Sd 

© WD 
T1 
HR AE. hs 9 


| G.Pfarthe axis of the file, which muſt 

Þ rome todo garks dieth | np" 
| angle P perpendicularly over 

ſubſtile line GR, and Jer the point Pbe di- 

. retedta the Non pole, GO 13 placed in 

the Meridian, theccater G ing the 


z 
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South, and che plane atE F clevatcd above 
the horizon 5 es ; ſo have you finiſh- 
ed this diall for < onely remember, -be- 
cauſe the Sun riſcth bur a lictle before 4,and 
ſerteth a lirrle after 8,ro leave ont the hours 

of 3 and g, andputonallthe reſt. | 
And thas you have the proje&on of four 
Dials in one; for that which isthe Weſt 
recliner is alſo the Eaſt inclinergg$you take 
the complements of the reclin 
to13, and thatbur from z in che 
till $ ar night: again, if you dra the 

ſame lincs on the other fide of y 
and change the houres of 8, 9, 

into 4, 5, 6, &c, you have the Eaſt recliner, 

the. complement of the Eaſt recliners 
ban fram z to 8 isrhe Weſt incliner: one- 
ly.remember, rhar as the ftile in the. Weſt 
mi beholds the Nozth,and the plane 
the Zenith; fb in the Eaſt inclincr, the 

ſtile muſt behold the South, and the plane 
the Nadir, | 
” Probl. g. 


To draw the bour-lines upon any dire ft Sour 
reclining or inclinay plane. 


elated 
or inclining plancs de alwayes lic 
iathe of CR or eel 


—_—_— $6.4. 
my 


f2llel thereumro, and the poles inthe prime 
vertical ; | fo' doth the baſe df Snurth and 
North reclinityg or 'inclining planes lie in 
the prime 'vertical or #zimnrh 'of Eaſt and 
Weſt, and their poles conſequently in the 
Meridian, Now if you ſ{appoſe the circle 
of poſition, (which Aſtrologically taken js 
fixed in the interſeRion of the meridian 
and horizon) to move about upoht the ho- 
tizon, Gill it comes into the Ls of rhe 
prime yertical, and being fixed in the intcr- 
ſe&iqp thereof with the horizon, to be Jet 
fall cither way from rhe Zenith upon the 
meridian, it ſhall rruly repreſent all the 
South and Noth reclining and inclining 
planes alſo, of which there are fix vyarietics 
three of Soinh and three of North rccli- 
ning ; for either the Sonth plane doth 're- 
cline.jaſt ro the pvle, and then it becom+ 
meth an Equinottia), becauſe the poles of 
this plane dothen lic in the Equinottiall ; 
* ſomecall ira polar plane, or elſe it recli- 
neth more and leſs then the polc, and con- 
ſequent!y the poles of the plane aboyc-agd 
under th: Equino&iall, ſamewhar differing 
from the former, In like wanner , the 


North plane reclineth jaſt ro rhe Equi- 


© - noRial, and then becomerh a polar plane, 


becauſe the poles of thar plane lic in the 
| : polcs 


| h. p 
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poles of che world ; ſome term _« an Equi*F 
no&iall plane, Or elſe. it reclineth mort * * 
or lefle, then the EquinoRial,. and conſe* 
quently the poles of the plane aboye '8nd 
under the polcs of the world, lomewhar - 
differing from -the furmer,: _- 


Of the Equinottiall plane, : 
The firſt of theſe ſix yarictics whick I call, 
an EquinoRial plane, js inthe fundamen-; 
, tal Scheme, & alfo in this, repreſeared By 
the ſix of clock houreucle EP W, wherein.” 
you may obſezye our of che Scheme in {elf 


** ww ww” ww 


-» 


thar none of the orher hous cir:les do cut 
the ſame, and iherefore (as inthe 5 Prob!) - 
| - you... +. 
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© + you may conclude, that the hour-lines 
therevt haveno center ro meetin, bur muſt 
be parallel one to another, as they were in 
the Eaſt and Weſt Dialls, 

And becauſe rhis Diall is no other bur 
the very horizoncall ' of a righr- Sphere, 
where the EquinoQRial is Zenith, .and the 
Poles of the world in the Horizon ; there- 

fore ir is not capable of the fix of clock 
hour (no more then the Eaſt and Weſt are. 
of che tz a clock hour) which vaniſh upon 
the planes, unto which they are parallel: 
and the twelve a clock hour is the middte 
line of th.s Diall (becauſe rhe Meridian cur- 
reth the plane of fix a clock at:right an- 
les) which the Sun atraineth nor, till be 
be perpendicular ro the plain, And this in 
wy opinion, beſides the re{pe& of the polcs, 
is reaſon enough tocall it an EquinoRiall 
Diall, ſeeing « is the Dlall proper to them. 

thar live wy the EquinoCtia)l, 

| This Diall is robe made in all reſpeRs 
as the Eaft and Weſt were, being. indced che 
very ſame with them, onely. changing the 
numbers of the hours : for ſeeing the ſix of 
clock hour in which this plane lieth croſſerh 
the twelve of clock hour at right angles, in 
which the Eaſt and Weſt plane lieth, the reſt 
of the hovr-lines will have.cquall reſpe& 
unrdo.. 
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unro them borh : ſo that rhe fifth hour from 
fix of the clock is equal to the fift hour from 
rwelye ; the four to the four ; and fo of the 
felt, Theſe analogies holding, the hour di 

ſtances from ſix are to be fer off by the naru- | 


ral rangents in theſe Dials, as they were 
from twelve in the Eaſt and Weſt Dials. 


The Geomctvicall Projection. 


Draw the tangent line D S K, parallel to 
the lincE Z W in the Scheme, crolke it ar 
r:ght angles with MS A rhe Meridian line, - 
make S Arthe Radius to that tangenr line, - 
on which prick down the hours z and thar 


there may be as many hours-uppn the plane * 


as it is capable of, you muſt proportion the* | 
ſtile to the plane (as in the beet Problem) | 

afrer this manner ; ler the length of the 
plane from A be given in known parts, then * 
becauſe the extream hours upon this plane 


are 5 or 7, reckoning:15 degrees to: every» : 


 hourfrom 12, the arch of the Equator wilt | 
be 75 degrecs : and therefore inithe 1:ghr © 
angled:plain triangle S A 2: we haye given 
the baſe A x, the lengrh of the plane from- 
A, and the angle A St% 7 5 degrees, to finde + 
the pzrpendicular S A.; for, which, as inthe - 


fifth Chapter, 1 ſay ; 


Q 4 a 4 
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> Asthe Radius go, 10,c00000 
Is tothe baſe Av 3.50, 2.5 44068 
Spis the tangent of AzySty 9428052 


To the perpendicular AS 94 TY 992110 
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_ © Arwhleb height a ſtile being ere&edover 
©. the.13 aclack hour line,andr 
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12 drv#n parallel thereunto throvgh che . 
points madc in the tangent line, by ſerting+ = 
off the natural tangents thereon, and then 
the Diall is finiſhed, 

Ler SA 12 be placed in the meridian, 
and the whole plane-'at S raiſed ro the 
height of the pole 51 degr, 53 'min, then + 
will the ftile ſhew the hours truly, and the 
Daall ſtand in its due polition. - 


2, Of South reclining leſſe then the pole, 


This plane is repreſented by the pricke - 
circle inthe fundamental DiagramE C W, - 
and is incerſeKed by the hour circles from 
the pole P,as by the Scheme appearcth,and - 
therefore. the Diall proper to this plane. 
muſt hayea center, above which the Sourh. + | 
pole is cleyatcd and therefore the Riile, 
muſt Jogk downwards, as in South, direct, 
planes 3. to-calculate which D:als there 
muſt-be given zhePoles clevarion, and the- 
quangitp: of recligation, by which to finde, 
the bour diſtances from rhe meridian, ad = 
thus inthe triangle P C 1, havingthe ; 
el:yarion 5 1-degr, 53 min, and the tech 
tion 25 depr, PC is given, by ſubſtraQing 
25 depy, from PZ +38 degr.. 47" min, the. 
— complement of the pokes height, rbe angle * 
©P I is 15 degrees, one hours diftance,and - 
Qs 
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the angle art C right, we may finde Gr, by 
the fiſt caſe of right angled ſpherical trian- 
gies: for, 
As the Radius 90, I 0.2000c0- 
Izro the fine of PC13; 47. 9.367237 
' Sos the tangent of CP 1, IF. 9.428052 
To the rangemtof C1 3.57. 8.795289. 
And this being all che varicties, ſave one- 
ly increaſing the angle at P,' 1 need nor re- 
iterate the worKx, . 


3. Of Serth rechning more then the pole. 


- This plane in che fundamental Scheme 
is repreſented by the prickr circle EAW, of 
which in the ſame latitude let the reclina- 
tion be 55 degrees, from which if you deduQt 
P Z 38 deg. 47 min, the complement of the | 
* poles height, there will'remain PA 16 deg. 
+. $3 min. the height of rhe north pole aboye 
- theplane, and inſtead of the triangle PC 
- 1, in the former plane we have the triangle 
PA r, in whichthere is given as before the 
anglc at P 15 deg .& the heighe of the pole 
PA 16 dep, 53 min, and therefore the ſame | 
| ion holds ; for, 
As the Radius 96, 10,000000- 
Iyro the finc of PA 16,53. 9.454107 
So therangenrt of A 15, 9.43 bofz 
- To therangentof At, 436, aE— 


» % 
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The reſt of the hours, as in the- formet,”- : 
are thus compurcd; varying onely the angle - ; 
2c P: =E « 


The Geometricall Projefion, 


- Theſe arches being thus found, ro draw- - 
the Dials erue, confider the Scheme, whene- 

in ſo oft as the plane fallerth between Z and - 
P, the Zenirh and the North pole,the Sourly - 
pole is elcvaredy in all rbe-reſtrbe North ; - , 
the ſubſtile is. inthern all the meridian, as - : 
in the dice& North and 'South Dials 3. a -. 
which the ſtile and boars are to be-placed, 
as was for them direftcd: which being done '-; 
ter the plane reclining lefle then the poles - 
be raiſcd above the horizan to an angle e* - 
qual ro the complement of reclinationy - 
which in our example is to 65 degr. and the -- 
axis of the plane poime downwards; "and - 
lot all planes cecliniug moxe reads 0 104 : 


% 


have the hour of 12 elevated, above the hoy, - 
rizon to an angle cqual to thec cm, - 
of the xcclination allo, that is.in our examty | 
plc, to 35 deg. then ſhall rhe. axis point up, * 
to the North pole, and the Diall-itted'tq,” 
MI-: --; retry note EAR 


"they 
I Probl; 10. 


To draw the hour-lines upon any lire Novth 
reclining or inclining plane, 


a He dire& north rec lining planes hare - 

the ſame; variety that the Sourh had ;:- 
.** for cithct rhe plane may recline from 
the Zenith juſt ctorbeEqunoRial, and then 
itisa Polar plan, as I called ithefore, be- 
cauſcthe poles of the plane lie in the poles 
of the world; or clfe the planc may rc- 
cline more or leflc then the EquinoRial, 


or er the yo 
mer. , 


Of the Poler plain. 
h well known to be 8 Circle 


(349) A 
finiſhed : yer ſeeing our Laritude is'capa-+ | 
ble of no more then 16 houres and ahalfe, . - 
the ſix houres next the South: part of the 
Meridian," 11, 1c, 9g, I, 2, and 3, may be 
lofr our as uſcleſie, Nor can the reclin 
face ſerve any _ then during the Sms... 
aboad in the Narth part of the Zodiacyand * 
the inclining face the reſt of the year, be= ' 
cauſe this plain is parallel ro the Equino- 
a ww — Le 4s twice ina year, 
Theſerhi 0 ta your liking : 
the "rn. 12 be placed upon the + Dyk 
an, and the whole plainraiſed ro an angle 


Meridian, Now if you 

of poſitron, (which Aſtcolegically raken js 
fixed in the inter{ſ:Fion of the meridian 
and horizon) ro move about upon the ho- 
rizon, till ir comcs into rhe I ane of the 


prime yertical, and being fixed in the intcr- 
ſe&iqp thereof with the horizon, to be Jet 
fall exther way from rhe Zenith upon the 
meridian, ir ſhall cruly repreſent all the 
South and Noith reclining and inclining 
planes alſo, of which there are fix varietics 
three of South and three of North rccli- 
ning ; for either the South plane doth re- 
cline.jaſt ro the pole, and then it becom- 
merh an Equinottia), becauſe the poles of 
this plane dothen lic in the EquinoRtiall ; 
| ſomecall ira polar plane, or elſe it recli- 
neth more and leſs then the pole, and con- 
ſequently the poles of the plane aboycard 
under th: Equino&tiall, famewhat diffcring 
from the former, In like manner, the 
North plane reclinerh jaſt ro rhe Equi- 
noQtal, and then becomerh a polar plane, 
becauſe the poles of thar plane lie in the 


polcs 
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poles of che world , ſorne LET) 
notall » O: cl& & reclinath anar® 
w |cthe the natal, and conſe® 


quently the poles of the plane above 8nd 
under the polcs of the world, fomewhac 
difſcring from the fume, 

Of the Equinotlial plane, 

The firſt of theſe ſix varictics whick I cail 
an FquinoRial plane, js inthe fundam-n-. 
tal Scheme, & alſo in this, repreſeared by 
the ſix of clock hour-e:cle EP W, wherein - 
You may obſexye out of che Scheme it {elf 


that none of the other hours circles do cot 
the ſame, and therefore (as inthe 5 Prob!.) 
Q3. you. * 


w \ 
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' You may conclude , that the hour-lines 
- hereof haveno center to mcet in, bur muſt 
be parallel one to another, as they were in 
the Eaſt and Weſt Dialls. 

And becauſe this Diall is no other bur 
the very horizoneall of a righr+ Sphere, 
where the EquinoRial is Zenith, .and the 
Poles of the world in the Horizon ; there- 
fore ir is not capable of the fix of clock 


hour (no more then the Eaſt and Weſt ave. 


of the 12 a clock hour) which vaniſh upon 
the planes, unto which they are parallel: 
and the twelve a clock hour is the middle 
line of th.s Diall (becauſe rhe Meridian cur- 
reth the plane of fix a clock at:right an- 

les) which the Sun atraineth not, till be 
be perpendicular ro the plain, And this in 
wy opinion, befides rhe re{pe& of the polcs, 
is reaſon enough rocall it an EquinoRiall 
Diall, ſeeing « is the Diall proper ro them 
thar live under the Equinodiiall, 
This Diall is robe made in all reſpeRs 
as the Eaft and Weſt were, being indced che 
very ſame with them, onely.c anging the 
numbers of the hours : for ſeeing rhe ſix of 
clock hour in which this plane lieth crofſeth 
rhe twelve of clock hour at right angles, in 
which the Eaſt and Weſt plane lieth, the reſt 
of the hovr-lines will haye.cquall reſpe& 
unro 


= 


- a. a 


. 
:, = 
DD —— 
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unro them borh : ſo that rhe fifth hour from 
fix of the clock is equal ro the fift hour from 
rwelye ; the four to the four ; and ſo of the 
feſt, Theſe analogies holding, the hour- di _ 
ſtances from ſix are to be fer off by the natu- | 
ral rangents in theſe Dials, as they were 
from twelve in the Eaſt and Weſt Dials. 


The Geometvicall Projection. 


Draw the tangent line D S K, parallel to 
the lincE Z W in the Scheme, crolke it ar- 
r:ght angles with M-S A rhe Meridian line, . 
make S A the Radius to that tangent line, 
on which prick down the hours z and thar 
there may be as many hours upon the plane -* * 
as it is capable of, you muſt proportion the «- 
ſtile to the plane (as in the feb Problem) | 
afrer this manner ; ler the length of the 
plane from A be given in known parrs, then * 
becauſe the extream hours upon this plage 
arc 5 or 7, reckoning-15 degrees to: every - 
hour from 12, the arch of the Equator wilt 
| be 75 degrees : and therefore inithe 1:ghr * 
angled:plain triangle S A 2:we haye given | 
the baſe A &&, the length of the plane from-» 
A, and the angle A Sz 7 5 degrees, to finde + 
the pzrpcndicular S A; for. which, as in.thc- 
fifth Chapter, I ſay; | 


Q_4 As © 


d 
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| the 72 a clock hour line 


As the Radius go, 10.c60000 
Is tothe baſe Ag 3.50, 2.544069 
Sv is the tangent of Ay $ i 94428052 
To the perpendicular AS 94 1.97 1110 
Me Ga Do 
y | — — 
nd | 
s . 6]. 
; 
S þ q 
8 | '& 
' > un 
Þ Sp 
nl = bs | 
EF ——— 
wi . \ 
WW 6 
EE $6: 
.  Arwhichheighta Niile being ereed over 


line,andr e hours from , 
_" 13dramn. 


Saw) © 
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12 drv#n parallel thereunto throvgh the 
points madc in the tangent line, by icrring 
off the natural tangents thereon, and then 
the Diall is finiſhed, W- 

Ler SA 12 be placed in the meridian, . 

and the whole plane. at S raiſed to the 
height of the pole 51 degr, 53 'min, then. + 
will the ftile ſkew the hours truly, . and the 
Diall ſtand in its due polition. - | 


2, Of South reclining leſſe then the pole, 


This plane is repreſented by the pricke - 
circle in the fundamental DiagramE C W, 
and is incerſeRed by the hour circles from 
the pole P,as by the Scheme appeareth,and - 
therefore. the D:all proper to this plane.” ; 
muſt hayca center, above which the Sourh - 
pole is elevated; and therefore the file, 
muſt logk downwards, as in South dire 
planes 3 to-calculate which D:als there 
muſt.be given che Poles elevation, and the. 
quantaty: of recligation, by which to finde. 
the bour diſtances fromrhe meridian, and 
thus inthe triangle P C 1, havingthe poles * 
el:yarion 51-degr, 53 min, and the reclina-, ' 
tion 25 depr. PC is given, by ſubſtraQing 
25 depy, from P Z-38 deygr. 47 min, the 
complement of the pokes height, the angle * 
CP x is 15 degrees, one haurs diſtance, and - 
Qs 
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the angle at C right, we may findeG r, by 
the hiſt cafe of right angled ſpherical trian- 
glcs : for, 
As the Radius 90, I 0.2000C0/ 
Izro the fine of PC13, 47. 9.367237 
So the tangent of CP 1, IF. 9,428052 


To the rangemtof C1 3.57. 8.795289. 

And this being all the varictics, ſave one- 
ly increaſing the angle at P, I need not re- 
iterate the work, 


3. Of Soerth reclhning more then the -pole. 


This plane in the fundamental Scheme 
is repreſented by the prickr circle EAW, of 
which in the ſame latitude lct the reclina- 
tion be 5 5 degrees, from which if you dedut 
P Z 38 dep. 47 min, the complement of the 
poles heighe, there will'remain PA 16 deg.: 


W. - #3 min. the heighr of the north pole aboye 


the plane, and inſtead of the triangle P C. 
1, in the former planc we have the triangle 
PA 1, in whichthere is given as before the 
anglc at P 15 deg .& the heighe of the pole 
PA 16deg, 53 min, and therefore the ſame 
| proportion holds : for, 


As the Radius 96, 10,000C00- 
Iyro the finc of PA 16,53. 9.454107 
* Sowbtheraupenrof Ang. 9.438052 


To the rangent of At. 4.36. WE 
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The rcſt of the hours, as in the former,”- 
are thus compured, varying onely the angle - 
at P; - 


The Geomerricall Projefion, 


- Theſc arches being thus found, to draw- — 
the Dials true, confider the Scheme, where- 
in ſo oft as the plane fallerh between Z and 
P, the Zenith and the North pole,tbe Soutty - 
pole is elevarcdy, in all rhe reſttbe Noh; - , 
the ſubſtile is inthe all the meridian, as 
in the dice& North and 'South Dials ; uw -. 
which the ftile and boars arc to be- placed, 
as was for them dirctcd: which bring done ' 
tet rhe plane reclining lefle then the poles + 
be raiſcd above the horizon to an ang e 
qual to the complement of reclinatony - 
which in our example 1 to 65 degr. and the - | 
axis of the plane poime downwards; and -- 
lot all planes cecliniug moxe then-the, pole * 
have the hour of 12 elevated, above the hoy, 
xizon to an angle cqual to the complemeny, - 
of the rcclination allo, that is. in our examy, = 
plc, to 35 deg. then ſhall the. axis point up, * 
to the North pole, and the Diall-kted'to. ” 
the plane, . —— D. | | 


. , 


3 
# 


Pacbl” 


d 


(348) 
Probl, 10. 


To draw the hou;-lines upon any direft Novth 
reclining 0r inclining plane, 


.**” for cithet rhe plane may recline from 
the Zenith juſt torbe EquinoRiial, and then 
it-isa Polar plane, as I called itbefore, be- 
cauſcthe poles of the plane lie in the poles 
of the world; or elfe the planc may rc- 
cline more or lefle then the EquinoRial, 
and cor their poles do-fall above 
or: under. the of the world,. and the 


mer... | 
Of the Polay flare. . 


6 - well known to be a Circle 
divided inro x4 equall parts,” which may be 
dorie by drawing a circle with che line of 


| erin fines from thecerene though 
ines center © 
- equall diviſions, you have the howe-liaty 
defired, The houre-lines being drawn, ere& 
* @ ſtreighe pin of. wier upon rhe center, of 
what engrh you pleaſe, and the Diall is 


a He dire& north rec lining planes have 
the ſame. variety that the South had ;' 


houre lines do likewiſe differ from. the for- 


| Ofiords, and then taking rhe diſtance of 15 


finiſhed : ; 


——__— ——— 
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finiſhed : yer ſeeing our Latitude is capa- 
ble of no more then 16 houres and a halfe, 
the ſix houres next the Sourh part of the 
Meridian, 11, 1", 9, I, 2, and z, may be 
[ef our ax uſcleſie, Nor can the reclining 
f1ce ſerve any _— then during the Sms 
aboad in the North part of the Zodiac,and *. 
the inclining face the reſt of the year , be- 
cauſe this plain is parallel to the Equino- 
Rial,which the Sun crallcth twice ina year, 
Theſh things performed to your liking , lex - 
the houre of 12 be placed upon the Meridi- 
an, and the whole plainraiſed ro an ſo 
equall ro the complement of your Lati 

the which in this example i is 32 deg;47 xy, 
ſo is this Polar plain and Diall re&ificd to - 
ſhew the rrue houre of rhe day. 


», Of North rech ning left then... - 
the Zqueter, 


The next fort is of ſuch reclining Litts " 
fall berween the Zenith 2nd = 
- and in the e FE, gre the 
pricked circle EF W;, nie 
ry d po the 2 , Th compi 
roPZ 36 47 cal 

inns of the nog: 


ks PP, 6345s, ay rhe ES 


Pole or ve the plane, 


$ 


(350) 


PF,”and the angle art P, to finde Fx, the 
ry houres diſtance from the Meridian 1 upon 
the plain, for which the proportion is, 
As the Radius, 90, I 0,900000- 
Is rothe linc of Þ F, 63.47 9.951677. 
So is the tangent of FP I,I5-. 9.438052 
To the Tangent of F1,13.48 9.379725 
In compuring the other houre diſtances 


there is no other yariety bur increaſing the: 
anglc at P as before we ſhewed. 


3: QfNdrth reclining more dew: | 
X 4 the Equator, 
The- I for: is of ſuch: reclining plain 


as fall between the Horizon and Equator, 
mee in the fundamental Scheme by 


= So rgnarry pac right les, all 
ens thar-arc on DEG ave the 


ef their 
plane: Gage w auch, any plane re- 
bg ds Zenkd” ior hen the E: 
Eoin: Rog 
to HOT ore if you 
f ty ight of the 


' 


Fore in, the triangle PFr, we have gwen 


mga ret B __ ſed ro recline 
quaror _— 


1d ned godeg, aboye the 


iv! 


G51)" 
of the plain,rhe rorall s P B 103 deg;q7 mirc} 
whoſe complemenc:to 180 is the arch B'S,;. 
71t deg, 53 min. the a of the pole above: 
the plain, To calculate the houre lincs: 
thereof, we muſt ſuppaſe the Meridian PF B: 
and the houre cucles Pr, P:2, Þ 3, &c, tobe: 
continued till they meer in the South pole; 
hen will the. proportion. be the ſame as 


before, +4 
As the Radins, 90, 19,000000 
To the fine of PB, 71.530 9.977033 


So is the tangenr'of 1PB, rF 9.428052 
Tg the tangent of B 1, 14.27 gigogo8y 


And ſo are the otherhoare diſtances tobe 
compurcd, as in all rhe othcr planes, & 


The Geomatricall Projeftion, 
The projeRion of theſe planes is bur lr 
tle differing from rhoſe in the faſt Prob). 
for the placing the hours and e p:rhe 
file, they are the ſame, and muſt be eleva 
red toan angle aboyethe horizon equall eo 
che complement of their reclinatiens, which 
in-che North reclining leſſe then the Equay - 
ror is in our example 65 degrees, and in this | 
lane the houres abour the meridian, thar - 
is from 10in the morning ill 2 in the afrer- 
noon , CAN NEYCT TEcEIVE dn” 


_ 
Sd 
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reaſfor: of the planes ſmall reclination from 
the Zenith, and therefore necdlefle ro pur 
them on, In the North reclining more then 
the Equator, the plane in our example muſt 
be elevated 126 dcgr. above the horizon, | 
and the ſtiles of borh muſt point to the 
North pole, . | 
: 'Laftly, as all other planes have two faces 
reſp<Ring the contrary parts of the hea- 
vens; ſo theſe recliners have oppoſice ſides, 
Jook downwards the Nadir, as thoſe do to- 
wards the Zenyjth , and may be therefore 
made by the ſame rules or if you will 
ſpare that labour, and make the ſame Di#ls 
c for che oppohite fides, turn the centers 
of the ioclinecs downwards, which were up- 
wards in therecliners; and thoſe upwards 
__ in the incliners which-were downwards in 
thi! recliviers, and after this convycrſion, ler 
the haurs 01 the right. hand of the-meri- 
didn in the recliner become on the left hand 
in the incliner, and contratily ; fo have 
youdone what you defired ; and this is a 
general nube for the oppolice ſides of all 


p 
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Probl. 11, 


To draw the hour-lines upon a declining 
reclining, or declining inclining - 
Th 


» 


Eclining reclining planes have the 

fame varictics that were in the fot* 

mer reclining North and South ; for 
either the declination may be fuch, that the 
reclining plane will fall juſt upon the pole, 
and then ir ly called a d?clining Equino- 
Qial; orir may fall above or under the 
pole,and then it is called a South declining. 
caſt and weſt recliner ; on the other Gde 
the declination _—_— ſuch, thar the recli- 
ning plane ſhall fall juſt upon the. interſo- 
&ion of the Meridian and Equator; and' ' 
then it is called a declini plans or 
may fall #bove or under the ſaid interſe- 
Rion, and then it is called 3 North decli- 
ning Eaſt and Weſrecliner, The three ya+. 
rieties of South recliners are repre , 
by cherthree circles, AH B falling þcgween:, 
the pole of tlie world and the Zenith s , 
AGB juſt upon the pale; and AEB he-: 
eweeen the pole and = horizon : and the- 
particular pole of each plane is ſo much 


clevated above the horizon, (upon the a- 


zimuth) 
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angles) as the plane ir ſelf reclines from the 
Zenith, notcd in the Sch z- ith I, .K, 
and L, 4Riy {ug wih- G4 - 

Co ye mp age 3 A = 


1, Of the Sqnizoiall Jeclining and 
yeclining plane. 


This planc repreſented by the cicrlc 
AGB, hath his baſe AZB declining 30 
degrees frem the Eaſt and Weſt line EZW 
equal tothe dcetinatian of the South pole 
thereof 30 deprees from S'the South pare 
of the Meridian Eaſterly unto D, reclining 
fam the Zenich upon the azimuth C Z Þ 


th quantity Z G -34 degrees, 53 min, and- 


pafſerh 


zimuth DZC, cro the baſe at right 


wan, wy VI 
—— an as eas FP" .M-.-s-} —MERSI 


— 
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Paſſcrh through the pole-arP, _Scr off the, 
reclination Z G, from D to K, and K ſhall 
repreſent the pole of the reclining plane 
ſo much elevarcd aboye the horizon at D, 
as the circle AGB repreſenting the plane 
declineth from the Zenith Z, from P the 
pole of the world, to K the pole of the 
plane, draw an arch of a great circle P K, 
rhereby the berter ro informe rhe fancic in, 
the rel of the work, And if any be, 
defirous, to any declination given, to fit 3, 
plane reclining juſt to tlic pole :.or any 
reclination being given, to finde the decli-. 
nation p:opr to it, this Diagram will 'ſa-. 
tizfc them therein 3: for in the Triangle. 
ZGP, we have limited, 
Firſt, the hypothenuſal Þ Z 38 degrees, . 
47 ain, ' ; ; 
Second!y, the angle art the baſe PG, 
the plancs declination 3 0 degrees. Hence * 
to find the baſe G Z, by the ſeventh-cafe of 
right angled ſpherical rriangles, the pro--* © 
portion 1s 3 | 


As the Radius go, 10,9006004 

To the co-fine of GZP 30; 9.937931 
Sa the rangent of PZ 38.47. 9.900138 
To the tangenr of GZ 34.53. 9.837669. 
the reclination required, - 
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If the declination be required to 4 reeli- 


nation giyen, then by the 13 caſe of right 
angled ſpherical triangles, the proportion is 


As the Radius 90, 10,909000 
To che tangent of Z G 34.53, 9.337663 


So the co-rangent of PZ 38.47, 10,09986t 


Tothe co-fine of GZP 39. 9.937530 


And now to calculate the hour-lines of 
this Diall, you are to finde two things: 
Erft, the arch of the plane, or diſtance of 
the.meridian and ſubſtile from the horizons 
ral line, which in this Scheme is D B, the 
interſeRion of the reclining plane with ths 
horizon, being at B, And ſecondly, the di- 
ſtance of the meridian of the place SZPN, 
fromchemeridian of the planc PK, which 
being tad, che Dial! is calilymade, 
Whetefore in-rhe triangle Z GP, tight 
angled at G, you have the angle GZP 
given zo degrees, the declination ; and ZP 
. -38 depr, 47 min. the complemenr of the 
Pole; rofinde GP: and therefore, by the 
_ eighthcaſe of right angled ſpherical rrian- 
gleg, the projortion is : 


_ Ay 
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As the Radius, 90 10,9:0000 
To the fine of Z P, 33.47 9793863 
So is the fineof GZP,'30 9.698970 
To the fine of GP, 18.12 9.492003 
Whoſe complement 71 deg. 88 min, isrhe 


arch P B dcſired, 


The ſecond thing -to be found is the di- 
ſtance of the Meridian of the:placc, which 
is the houre of 12 from the ſubſtile og meri- 
dian of the plane, repreſefted by the angle 
Z PG, which may be found by the 11 Caſe 
of right angled ſphericall Triangles, for |. 


As the Radius, go 10.00000d 
Is tothe ſfineof GP,18,12 9.492833 
So 35 the co-rang, of GZ, 34.53 10,162379 
To the co-rang.of GPZ, 65.68 9.655212 
. Whoſe complement is ZP K 24 deg, 32 
min, the arch defired, 


Now becauſe 24 deg, 32 min, is more then 
| 15 deg, one boures diſtance from the Me- _ 
ridian, and lefle then 3o deg. two hovres dis 
ſtance, 1 conclude thar the tile ſhall fall 
between 1+ and 11 of the cloth on the Weſt 
ſide efrhe Meridian, becauſe the yu de- 
clineth Eaft : if rhen you rake 15 deg, from 
24 dep. 32min, there ſhall remain g deg. Ef 
32 min, for the EquinoRiall diftance of the 
11 aclock 
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11 aclock houre line from the ſubſtile , an 
taking 24 deg. 32 min, out of zo dep, thete 
ſhall remain 5 deg, 68 min, forthe diſtance 
of the houre of 10 from: rhe ſubſtile : rhe 
reſt . of the houre diſlances .are cafily 
found by continual addition of x5 deg. Un- 
ro theſe houre diſtances joyn.the naturall 
tangents as in the Eaſt and Weſt Dials, 
which will give you the true diſtices of each 
houre from rhe ſubſtile,the plane being 
FRaed as in-the 5 Pro.for the caſt & =. FA 
als, or as in the 8 Prob, for the Equino&ial), 
according to which rules you may propot- 
tion the length of the ſtile alſo, which being 
creed over the ſubſtile., and the Dizll 
placed according,to the declination 3o deg. 
caſterly , and thc whole plain raiſed ro an 
angle of 55 deg, 47 min. the complement 
of rhe reclination, the ſhadow of. the tile 
ſhall give the houre of the day.defired, 


3. To draw the boure lines upon a South re- 
thang plain, declinin g Eaſt or weſt, which 
pſec between the Zenith and thePole, 


theſe kinde- of declining r reclining 
plan , the South pole is clevatcd above 
, as is eel by the cixcle A H Bre- 
the ſame, which fallerh berween 
and the Nonh pole, and _ 
ore 
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fore hideth thar pole from the eye, and 


farcerh you to fecke the elevation of the 
cantrary. pole above the plain , which nor- 
withſtanding maketh -the like and equaH 
angles upon the Sourh fide objeRed to ir,as 
+ the North pole doth upen the North fide, 
(as was ſhewed in the 9 Prop.) ſo thateither 
you may imagine the Scheme to be rurned 
about, and che Noth and South points 
changed , or you may calculate the houres 
as it ſtanderh, remembring to turn the ſtile 
upwards or downwards , and change the 
numbersof the houres , as the nature ofthe 
Diall wil dire& you. 


- Inthis ſort of-declining reclining Dials, 
there are four things to be ſought you 
can calculare the houres, 

" 1 The diſtance of the Meridian from the 
Horizon, 


2 The height of the pole above the plain, 
3 The diſtance of the ſubſtile from the 
Meridian, 


4 The angle of inclination berweenthe 


Meridian of the planc,and the meri- 

dian of the place. 
* 1 The diſtance My m= ——— — 
orizon, is repreſente by the arch O B, to 
.fnde which , in. che right avgled Triangle 
HO Z, we have H Z the reclination oder, 


o 
SR. + 
d 
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” andtheangleH Z O the declination,to find 
H O, the complement of O Byfor which, by 


the firſt caſe of right anglcd ſpherical) tri- 
apgics, the analopic is, 
As the Radius, 96 1 0,000009 
Tothe fine of HZ,2o0 9.53401 
So is the tangent ef HZO, zo 9.761439 
Totheravgent of HO, 11,19 9.295490 
Whoſe complement 78 deg, 83 min, is 
OB, the atch deſired, 


2, To finde the. height of the pole above 
the plane, there js required two operations, 
the firſt ro finde O P, and the ſecondrto finde 
PR;:Q P may be found by the z Caſc of 


ight apgled Sphericall Triangles, far, 

As the Radius, go A | 10,000000 
1s to the co-lincof HZ P, 39 9.937531 
$0 is the co-tang, of HZ, 20, 10,438934 


To the co-rangent of Z O, 22. $0 10,37 6465 
Which arch being found, and-deduQted 
out of ;ZP g8 deg.47 min, rherercſterh PO 
Then may you fnde ÞP R, by therriangles 
'HZO, andPR ©O both er, becauſc 
the ſincs of the hypothenuſals and the fmes 
of the . perpendiculars ate proportional, by 

rhe $rt f ive 7 Chap, of Triangles, | 
; x6» 
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Therefore, 

As the fine of Z O, 22.80 9.588289 
Is tothe fine of Z H, 20 9.534053 
So is the ſine of PO, 15.67 9.431519 
To the fine of PR, 13,79 9.377282 


The height of the ſtile defired, 


3 The diftance of the ſubſtile from the 
Meridian may be found by the 12 Caſe of 
right angled {phericall rriangles, for 


As the co-fineof PR, 13 78 9.987298 

Isro the Radius, go 10,00-:000' 

So is the co-fine of P O,15.67 9.983551 

Totheco-linc of OR, 7.41 9.996253 
The arch defired, 


4.. The angle of inclination between the 
Meridians, may be found by the 11 Caſe of 
right angled Spherical triangles, for, 


As the Radius, go * *  10,000000 
Is tothe fine of PR, 13.79. 9.377247 
So is the co-rang, of OR 7,51 15,879985 
To rhe co-rang, of OPR,28.93 10,257236 


Now asin all the former works,the angle 
P between the rwo Meridians being 28 deg. 
93 min, which is more then one houres di- 
Kance from the _— and lefle then 


rwo 


- muſt ſtand between the firſt 8 ſecond hours 
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two, you may conclude that. the ſubſtile 


from the Meridian or 12 of the clock Weſt- 
erly, becauſe the declination is caſterly ! 
and 28 deg, 93 min. being dedufted our of 
30 deg. there reſteth 1 deg.7 min.for the di- 
ſtance of 100of the clock from the ſubſtile; 
again, deduRing 15 deg, from 2R dep. g3 
min, there reſteth 1 3 deg, 93 min, the di- 
ſtance of the 11x aclock houre line from the 
ſubſtile, the reſt arc found by continuall ad- 
dition of 15 deg, as before. 

And here the truc houre diſtances may be 
found by the firſt caſe of right angled Sphe- 
ricall triangles, for, 


As the Radius, go 10,c00000 

Is to the fine of PR 13.79 9.377240 

So is the tangent of R P, 11,15 9.428052 

Tothe tangent of R 1x, 3.66 8$.,805293 
And ſo procced with all the reſt, 


3. To draw the houre lizes upon a South 
reclining plain, declining Eaſt or weſt, 
which paſſeth between the Pole 
and the Horizon. 


In this plain repreſented by the circle of 
reclination A F B, the North pole is clc- 
varcd aboye the planc , as the South pole 


Was 
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was aboye the other, and the ſame four 
things rhar you found for the former Diall 
muſt alſo be ſought for this; in the finding 
whereof there being no difference, ſave on- 
ly dedutiug ZP from Z O, becauſe Z O'is 
thc greateſt arch, as by the Scheam appea- 
reth : tocalculate the houres of this plane 
necdath no further inſtrugion, 


Ptbbl. 12. 


To draw the houre lines upon a polar plain, 
declining Eaſt or weſt, being the firſt 
variety of North declining 

reclining planes 


S in the South declining recliners, 
A there are three yarieries, ſo are there 

in the North as many: for cither the 
plane reclining doth paſle by the incerſeRi- 
on of the Meridian and Equator , and then 
itis called a declining Polar, which hath 
the ſubſtile alwayes perpendicular to the * 
Meridian; orclſc ir pafleth above or under 
the interſeRion of the Meridian and Equa- 
tor, which ſomewhat diffcrerh from the for- 
mer, I will therefore firſt ſhew how they 
lic in the Scheam, and then proceed to the 
pairicular making of the Dials proper to 


them, 
.R 2 1, Of 


oo 


| ; "_ 
+a + qu: Ne $34 83 Þ Faced 
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1. Of the Polar dec'ining reclining plane, 


Thr plane is in this diagram repreſented 
by the circle AGB, Z Gisthereclination, 
Z AX rhe diſtance of rhe Equator frem the 
_ _ Zenith, rhe declination NC, K the pole 
" thereof, - Here alſo as in the laſt Probl.cherc 
may be a reclination found ro any declina- 
tion given, and contrary, by which to fit the 
plane howſoever declining, to paſſe through 
the interſe&ion »f the Meridian and Equa-: . 
ror, by the 7 and 13 Caſs of right angled 
ſphericall triangles, 


As 
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As the Radius, 9o I 0-0000c0 
Tothe co-fine of G Z AE, 60 9.698970 
S9 is the tangent of Z A, 5I.F3 10,09986I 
To the tangent of Z G, 32.18 9.798871 

The reclination defred, 

And, 
As the Radius, 90. » 10,0000CO 
Torhe tangent of G Z, 32.18 9.798831 
Sois the co-rangent of ZA,51.53 9.900138 
Torthe co- fine of GZA, 60 9;698969 

The declination. 

And now to calculate the houre lines of 
this Dial, you muſt inde, firſt, rhe diſtance 
of the Mcridian frem the Horizon, by the 
8 Caſc of right angled <pherical triangles. ' 


As the Radius, 99 10,9009000 
Is tothe line of Ze, 5r,53 9.893925 - 
Sois the {in2 of G ZA, 60 9.93753k 
Tothe fine of c£G, 42.69 9.831256 © 


Whoſe complement 47 deg, 31 min, is 
A Eric arch defied, 


2. You muſtfinde RP, the height of the 
pole above the plane,by-che 2 Cafe of righe 
angled Sphericall Triangles, for 
As the Radius , 95 10,00c000 
Is to the ſineof &Z GC, 6» 9.937531 -- 
So is the co-fine of Z G, 32,11 $5g,92756% 
To the co-fine of Z FG, 41,99 9.Y65595 - 

R 1 WW huch . 4 
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Which is the height of the pole aboye 
the plane, «& R bcing a Quadrant, PR 
muſt needs be the meaſure of rhe angle 
at «AX, 

3. Becauſe in all decliners(whoſe planes 
= by the interſe&ion of rheMeridian and 

quinoQia]l) the ſubſtile is perpendicular 
to the Meridian,therefore you nced nor ſeck 
XR, the diſtance between the ſubſtile and 
Meridian, which is alwayes go deg.and fal- 
leth upon the 6 a clock houre, 

4. Laſtly, the arch £R, which is the 
diſtance of the ſubſtile from rhe Meridian: 
being g2degrees, the angle at P oppoſite 
thercunto muſt needs be go allo: from 
whence it followes, that the houres _— 
ſtant from the ſix of the clock hour in Equi- 
noRial degrees ſhall alſo have the like di- 
Kance of degrees in their arch:s upon the 
plane, and fo one half of the Diall bein 
calculated, ſerves for the whole; theſe 
.. things conkidered, the true hour-diſtances 
may be found, by the firſt caſe of right an- 
gled ſpherical triangles ; for, 

As the Radius, . 10,2009000 
Isro the fine of PR 42.87, 9.832724 
So is the rangent of RP 5, 15d, 9.428052 


Tothe tangent of R5. .10,34. + 9.260776 
The. 
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The which 1odegr. 34 min, is the true 
diſtance of 5 and 7 from the ſubſtile or fix 
of the clock hour, and ſoof the reſt. 

The G:omettical projeRion of this plane 
needs no direction; thoſe already piven 
are ſufficient, according ro which this D1- 
all being made and reftitied by the decli- 
nation and reclination given, it is prepazed 
for ule, 


2. Todraw the bour lines upon a Nath re 
cliniag plane, declining Eajt or net, woich 
cutleth the m:ctdian baween tine 
Z.aith aud the Equaetiiac, 


All No:th reclining planes howlaever 
declining, bave the North pole elevated a» 
bove them, and therefore the center of the 
Diall muſt be fo placed aboye the plane, 
thar the ſtile may toon upwards to the pole, 
neither can ir be exp2&:d ht the plane be- 
ing clevarcd above the horizon Sourhward, 
ſhould ar all rimcs of che year be enlighr- * 
ened by the Sun,except ic recline ſo far from 
the Zenith, as'to interſe& rhe Meridian dc- 
tween the horizon and the Tropique of Ca- 
pricors; this plane therefore reclining hur 
16 degrees from the Zenith, and declining 
60 cannot ſh2w many hours, when the Sun 


R 4 is < 
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Is in his greateſt Northern declination, part- 
ly by reaſon of the height of the plane a- 
bove the horizon, and partly by reaſon of 
the great declination thereof, hindring the 
Sun-beams from all the' morning houres, 
which may be therefore left out as uſcleſs, 

In this ſecond yariety , the plane repre- 
ſented by the Circle AM B inthe laſt Dia- 
gram, cutteth the Meridian at O berween 
the Zenich and rhe Equator, Z M being the 
reclinarion, 16 deg, Z <A the diſtance of 
the Equator from the Zenith, 51 deg.5z m, 
and the declination N C 60 as before, 

As in the former, ſo in this Diall, the 
ſame four thivgs are again tobe found be- 
fore you can calculate rhe houre diſtances 
thereof, The firſt is the diſtance of the Mc- 
ridian from the Horizon, repreſented in this 
plain by the arch AB, The ſecond is PR, 
the height of the pole above the plane. The 
third is DK, the diſtance of the ſubſtile or 

- Meridian of the plane , from the Meridian 
* of the place, Thefourth is the angle WPR 
berween the two Meridians : all which, and 
the houre diftances alſo, being to be found 
according tothe direions of x laſt Probl, 
there neederh no further inſtruction here, 


OM 
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To diaw the houre lines upon a Noth 
reclining plane,declining Eaſt or 1, 
which cutteth the Meridian 
between the Equator 
and H97i%0n, 


\ 


The laſt variety of the ſix declining recli- 
ners, repreſented by the circle AL B, and 
cutteth the Meridian at H, between the E- 
quator and the Horizon, Z L being the rc- 
clination, 54 deg, the declination N C, 60 
deg. as before; and hence the forr things 
mentioned before muſt .be ſought ere you 
can calculate the houre diſtances, 

1 The diſtance of the Meridian and Ho- 
rizon, repreſented. by A H.” 

2 RH the ſubſtile. or Meridian of the -. 

plane fromthe Meridian of the place. 
3 PR, the height o&che pole abovethe: 
plane, 
4 HPR, the angle berween the rwo 
Meridians, In finding whereof the propor-* +. 
rions are ſtill the ſame, though the triangles 
are ſomewhar altered, for when you have 
found ZH, itis to be added to Z Profinde. 
PH, both which together do excced a Qua= 
drant, therefore the ſides P N muſt be coh- 
tinued to X, then is Þ X the complement of 
P Hoa ſemicircle, and if R B be contigued 
of ig + 
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o X allo, R X may be found by the 13Caſe 
of right angled ſpazrical triangles as before, 
whoſe complement is R H, the dittance of 
. the ſubſtile from the Meridian; and hence 
the angle at P muſt be found in that trian- 
gle alſo, thoagh rh: proportion be the ſame, 
rhere being no other vyariety,I think itneed- 
lefle to reiterate the work, 

The G:0n2tric a! Projeftion, 

There is fo little difference between the 
Sourh & North declining reclining planes, 
that the manner of making the Dials for 
both may be ſhzwed at once : Lerthe exam- 
plethercfore be a Diall for a South planc 
declining Eaſt zodeg. reclining 20 deg. 

Fiſt, draw the horiz >ntal line ACB in 
the middle of the plane, becauſe the ſtile of 
this Dial mutt lookgdownwards to the South 
pale, and b:cauſe the plane declinerth Eaſt, 
therefore the morning houres muſt ſtand on 
-* the Weft fide of che M:ridian, and thc di- 

ſtarice ofthe M:ridian and Horizan 78 deg, 
$3 min, maſt b2 {et upon the circle ADB F 
from AtoE, and there draw the line CE 
' for the 123 a clock houre, from F. reckon 

7 deg. 51 min, the diſtance of che ſubltile 
" and Meridian Wettwards to D, and draw 
the prigkt line CD for the ſubſtile ; _ 

@ 


% 
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the point of the ſubftile' ar D, fer off the 
houre diſtances, as of z deg. 66 min, for 17, 


and ſo of the reſt : unto every prick draw | 
ſtreight lines from the center C,ſo have you + 


"WY 


7 | 
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| 5:4; | 
| f ; : 1 
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altthe houres truly drawn. Laſt of all, ſer . 
off from-D rhe _—_ of the tile DE, and*- 
drawthe line C E for the axis, which being 

To erected -+ 
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ere&ed over the lubſtile, C D, the Diall is 
firfor uſe, bur muſt be placed in its due po- 
fition by the declination and reclination 
thereof, 

And thus have you made four Dials at 
once, or atleaſt, this Dial thus drawn may 
be made to ſerve four ſorts of planes,for firſt, 


it ſerves for a Sourh declining Eaft 3o deg, 


reclining 20 deg. and if you prick the houre 
lines through the paper, and draw them on 
the other fide ſtile and all, this Diall will 
then be fitted for a South plane declining 
Weſt 3o deg. reclining 20 deg, .only re- 
member to change the houres,thar is to ſay, 
inſtead of writing. 5, 6,7, 8,9, 10,11, 12, 
I, 2,3, 4, from A, the weſt FF of the Eaſt 
declining plane , you muſt write, 8, 9, to, 
It, 12,1, 2, 3, 4, $5, 6, 7. Again, it you 
rurn the Zenith of your Dial downwards, 
the South declining Eaft reclining ſhall in 
all reſpe&s ſerve for a North declining weſt 
iaclining as much; and the South declining 


'" Weſt reclining , will likewiſe ſeryc for a 


Norrk declining Eaſt inclining; and there- 
| foxe there necds no further direRion either 


to make the one, or calculate the orher. 
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CHAP. III, 


Of the Artof 
NAVIGATION. 


Probl. 1. 
_. Ofthe 32 Windes, or Seamans Compaſs, 


He courſe of a ſhip upon the Sea 
dependeth upon the windes : 
The deſignation of theſe de- 
ds uponthe certain know- 
edge of one principal; which 
conſidering the {ituation and condition of 
the whole Sphere, ought in nature to be 
North or Seurh,. che North to us upon- this 
fide of the Linc, the South .ro hol. in the 
other hemiſphere; for in making this obſcr- '* 
vation men were to intend themmſclyes ro- 
wards one fixed part of the heayens or other, 
and therefore ro the one of theſe, In the 
Sourh part there is not found any ſtar ſo 
notable, and of ſo neer diſtance from the 


Pole, asto make any preciſc or firm direQi- 
on 
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on of thar winde, bur inthe North we have 
tharof the ſecond magnirude in the tale of 
the lefler Bear, making ſo ſmall and incen- 
ſible a circle aboutthe Pole, that it com- 
meth allro ofic, as if it were the Pole it (cf, 
This pointed out rhe North winde to the 
Mariners of old eſpecially , and was there- 
fore called by ſome the Lead or Lead ſtar; 
bur this could be only inthe night, and nor 
alwayes then. Ir is now more conſtantly 
and ſurely ſhewed by the Needle touched 
with the Magnet, which is therefore called 
the Load or Lead-ſtone, for the ſame rea- 
ſnof che leading and direRing their courſ- 
es to the North and South poſition of the 
earth, nor in all parts dire&ly, becauſe in 
following the conftirution of tho grear Mag- 
net of rhe whole carth, it wall needs be 
hcre and there-Ied afide rowards the Eaſt or 
Weſt by the unequal temper of the Globe; 
conſiſting more of water then of earth in 
. Tome places, and of earth more or tcftc 
Magnertical in ethers. 
' Thisdeviationof the Needle, the Mari- 
nerscall North-cafting, & North-weſting, 
as irfallerch out to be , etherwiſe, and ntorc 
artificially , rhe Variation of the Compaſt, 
- whichrhough it pretend uncerraimy , yer 
proveth to be one of the greateſt helps the 
| 9ca-man 
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Seaman hath, And the North" and South 
windes being thus aflured by the motion ei- 
ther of dire&ion or variation of the ncedle, 
the Mariner ſuppoleth his ſhip to be (as ir 

alwayes is) upon ſome Horizon or other, -. 
che ceriter whereof is the place of the ſhip, 


The line of North and Sourh found ous © 
by the Needle, a line croſſing this at right * 
angles, ſheweth the Eaſt and Weſt, and ſo 
they hayethe four Cardinall windes, croſlc 
again cach of theſe lines, and they have 
the eight whole windes, as they call them, 
Another diviſion of theſe maketh eight more *Þ 
which they call halfe windes, a third make- 
eth i6, which they call che UOTINEY _— 

ww 
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ſo they are'31 in all, Every one of theft 
W imdes is otherwiſe terfned a ſeveral point 
of the Compaſle, and the whole line confiſt- 
ing of two windes, as the line of N oth and 
Sourth,.or that of Eaſt and Weſt is called 
a Rumb!. The Windes and Rumbs thus aſ- 
ſigned by an equal diviſion of a great Circle 
into 32 parts, the angle which each Rumb 
maketh with the Meridian is cafily known, 
for if youdivide a quadrant or go degrees 
a cight parts : you havethe angles which 
rhe eight windes reckoned from North to 
Eaſt or Weſt do make with the meridian; 
and thoſe reckoned: from South to the Eaft 
orWeſt are the ſame,and for your better di- 
refion are here exhibited in the Table fol- 
lowing. . . 


A Table for the angles which every Rumbce 
maketh with the Meridian, 


| North 14 


N byE | 


NNE 


South | 


D. part 


 — 
—T 


SbyE 


SSE 


22,8125 
05 ,6250 
28,4375 
11,2500 
14.0625 
16,8750 
19,6875 
22,50 


25,3125 
23,1250 
39.9375 
$3.75 IC 


36,5625 
39.3750 


Soutb 
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N NW 
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59,0625 
1,8650 
64.6375 
67.5 200 


[70.3125} 


73,125C 
7549375 
78.75" 
oy 625 
4.375 
353975 


92,090 
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Probl, 2. 


Of- the deſcription and making of the 
Sea-chart, 


He Sea-mans Charrt is a Parallclo- 
gram, divided int little reftangled 
bhgures, and in the plain Chart are c- 
qual Squares, reprefenting the Longitudes 
and Latitudes of ſuch places, as may be (cr 
in the Chart, but the body of the earth be- 
ing of a Globular form, vhe degrees of Lon- 
gitude reckoned in the Equator from the 
M-ridian, arc in no place cqual to thoſe of 
the Latitud: reckoned in th: M:r:dian from 
the Equator, ſave onely in the Equinottial; 
for The degrees of latitude are all cquall 
Wroughout the whole Globe, and as large 
as thoſe of the EquinoRial ; but the degrees 
of Longirude at every parallel of latitude 
lefl:n themſelves in ſuch propo:tion as that 


_. --parallel is lefle then the EquinoRial ; This 


diſ-proportion of longitude and latitud: 
cauſed for a long rime much errour in the 
praiſe of Navigation, till ar laſt it was in 
part reconciled by Meycator, that famous 
G:ographer : ind afterwards exa&tly reki- 
hed by our worthy Countreyman Maſter 
Eaward r1izht, ln his Book entituled, The 


( or- 
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Correftion of Errours in Navigation: In 
which he hath demonſtrated by what pro- 
portion the degrees of Longirude muſt ei- 
ther increaſe or decreaſc in any Latitude, 
his words are as followeth, 

Suppoſe, ſaith he, a ſpherical Supzrhicics, 
withMzridians, Parallels, Rumbes, and rhe 
whole Hydrographial deſcription drawn 
thereupon, to be inſcribed into a concave 
Cylinder, their axes agreeing in one, 

Let this Spherical ſuperficices ſwell lixe 
a bladder (whiles it is in blowing) equally 
alwayes in every part thereof (that is as 
mich in Longirude as in Larirude, ill it ap- 
ply and joyn ur ſelf (round about and all 
along allo ro.vards either pole) unto the 
concave ſuperkicies of the Cylinder : each 
pirallel upon this ſpherical ſupzrficies in- 
crealing ſucceſſively from the Equino&ial 
rowards cither pole, until ic come to be of 
equal diameter with the Cylinder,and con- 
ſcquenrtly the Meridians,ftil in-clining them- 
ſelves, rill they come to be ſo far diſtant 
every where cach from other, as they are at 
the EquinoRSial, 

Thus ir may moſt eaſily bz underſtood, 
how a ſpherical ſuperficies my by extenhi- 
on be made a Cylindrical, and conlequent- 
ly a plain parallclugcam ſuperficies ; be- 

cauſe 
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cauſe 'the ſuperficies of a cylinder is no- we 
thing elſe bur a plain parallelogram wound w 
about rwe equal equidiſtant circles , thar m 
have one common. axletree perpendicular rl 
upon the centers of them both, and the pe« ul 
ripheries of each of .them equall ro the mM 
length of the parallelogram,as the diſtance | P 
berwixt thoſe circles, or height of the cylin- u 


der is equall to the bredch thereof, So as O 
the Nautical planiſphere may be defined to a 
be nothing elſe bur a parallel-gram made C 
of the Spherical ſuperficies of an Hydro- | 
graphical Globe inſcribed into a concave - 
cylinder, borh r\cir axes concurring in one, 
and the ſpherieall ſupzrficies {iwelling in c- | 
very partc<qually in longitude and latitude, | 
till eyery one of the parallels thereupon be 
inſcribed into the cylinder (cach parallel 
growing as great as the EquinoCial, or till 
the whole ſpherical ſuperticies rouch and 
apply it ſelf cvery where ro the concavity cf 
I rhe cylinder, - 

In this Nautical planiſphere thus concei- 
ved to be made, .all places muſt necds be 1i- 
ruare in the ſame longirudes, latitudes, and 
dire&ions or courſes, and upon the ſame 
meridians, parallels and rumbes, that they 
were in the Globe, becauſe that ar every - 
pont between the EquinoRial and the Pole- 
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we underſtand the ſpherical ſuperficies, 
whereof this plan:ſphere is conc«ived to be 
made, to ſwell -cqually as much in longi- 
tude as in latitude (till it joyn it ſelf unto 
the concavity of the cylinder; ſoas hereby 
no part thereof is any way diſtorted or diſ- 
placed our of his true and narural ſituation 
upon his meridian, parallel or rumbe, bur 
onely dilated and cnlarged, the meridians 
alſo, parallels, and rumbes, dilating and 
enlarging themſelves likewiſe at every 
point of larirude in the ſame proportion, 
Now then let us diligently conſider of the 
G:omerrical lincaments, that is, the me- 
ridians, rumbes, and parallels of this ima- 
ginary Naurtical planiſphere, that we may 
in like manner cxprefle the ſame in the 
Mariners Chart : for ſo undoubtedly we 
ſhall have therein a true Hydrographical 
deſcription of all places in their longirudes, 
larirudes, and direRions, or reſpe&ive fitu- 
ations cach from other, according to the 
points of the compaſle in all things copre- 
tpondent to the Globe, without cither ſen- 


fible or explicablc errour, 
Firſt, therefore in this planiſphere, be- 
cauſe the parallels are every w equal 


each toother(fer cycry one of them is equal 
to the EquinoRiall or cucumference of rhe 
Ci 
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circumſcribing cylinder) the meridians alſo 
muſt needs be parallel & freight lines; and 
conſequently the rumbes, (making equall 
angles with every meridian) muſt likewiſe 
be ſtreighr lines, 

Secondly, becauſe the ſpherical ſuperficies 
whereof this planiſphere is conceived rote 
made, ſwelleth in every. part thereof equal- 
ly, that is as much in Latitude as in Longi- 
tude, till it apply it {elf round about to the 
concavirty of the cylinder ; therefore at c- 
very point of Latitude in this planiſphere, 
a patt of the Meridian keepeth the ſame 
proportion to the like part of the parallel 
that the like parts of the Meridian, and pa- 
ralle] have cach to other in the Globe, 
withour any cxplicable errour, 

And becauſe like parts of wholes kcep 
che ſame proportion | ns rcheir wholes havyc 
therefore the like parrs of any parallel and 
Meridian of the Globe, have the ſame pro- 
portion, that the ſame parallel and meridi- 
an have, 

For exawple ſake,as the meridian is dou- 
ble to the parallel of 60 degrees; ſo a de- 
gree of the meridian is double ro a degree 
of that parallel, or a minure ro a minute, 
and what proportion the parallel hath ro 
the meridian , the ſame proportion have 


their 


r! 
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their diameters and ſemidiamerers each-to 


other, | 
Bur the fine of the complement of the 


parallels latitude, or diſtance from the E- 
quinoRia), is the ſemidiamerer of .the pa» 
ralle!, 


As here you ſce AE, the fine of AH, the 
complement of A F, the htirude or diſtance 
of the parallel ABCD from the Equine- 
Rial, is the ſemidiamerter of the ſame pa- 
rallc], And as the ſemidiameter of the 
meridian or whole fine, is to the ſemidia- _ 
meter of rhe parallel; ſois the ſecant or 
hyporhenuſa of rhe parallels latitude, or 
of the parallels diſtance from the Equino- 
&ial, ro the ſemidiamerer of the meridian 
or whole fine; as F K, (thatis AK)toAE 
(rharis GK) ſois LK, roKF, 

. Therefore in this aaurical PI 


- 
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the Semidiamerer of each parallel being c- 
qual to the ſemidiameter of thcEquinottia!, 
that is, rothe whole ſine ; the parts of the 
Meridian at every point of Latitude muſt 
needs increaſe with the ſame proportion 
wherewith the ſecants of the ark, conteined 
berween thoſe points of Latitude and the E- 
quinoQial do increaſe. 

New then we have an eafic way laid open 
for the making of a Table (by help of the 
narufal Canon of Triangles) whereby the 
meridians of rhe Mariners Chart may moſt 
calily and truly be divided into parts, in 
due propertion, and from the EquinoQial 
rowards either Pole. . 

For ( ſuppoſing-each diſtance of each 
pointof latitude, or of each parallel! from 
other, to contcin ſo many parts as the fe- 
cant of the latitude of cach point or pa- 
rallel contcinerh) by perperual addition of 
che ſecants anſwerable ro the latitudes of 
each point or parallel unto the ſwunme com- 
paunded of all the former ſecanrs, begin- 
ning with the ſecant of the firſt parallels 
latitude, and thereto adding the ſecant of 
the ſecond parallels Latitude, and to the 
ſumme of both theſe adjoyning the ſecant 
of the third parallels Latitude;and ſo forth 
mn all the reſt we may make a Table __ 


(385 | 
fhall rruly ſhew the ſefions and points of 
Jatirude in the Meridians of the Nautical 
Planiſphere, by which ſections the parallels 
muſt be drawn, 

As inthe Table of meridional parts pla- 
ced at the end of this Diſcourſe, we made 
the diſtance of each parallel from other, to 
be one minute or centeſm of a degree : and 
we {uppoſed the ſpace between any two pa- 
rallels,next to cach other in thePlaniſpere, 
to contain ſo many parts as the ſecant an- 
ſwerable ro the diſtance of the furtheſt of 
thoſe two parallels from the EquinoRial.; 
and ſo by perpetual addition of the ſecants 
of cach minute or cenreſm to che ſum com- 
ded of all the former ſecants, is made 
the whole Table, 

As for example,the ſecant of one centeſm 
in Maſter Briggs's Trigonometiica Britannica. 
is 100009,00152, which alſo" ſhewerh the 
ſcion of one minute or centeſm of the me- 
ridian from the EquinoRial in the Nautical 

Planiſphere ; whereunto adde the ſecants 
of two minutes or centeſmes, that is r 00060. 
00609, the ſum is 200000,00761, which 
ſheweth the ſeRion of the ſecond minute of 
the meridian from the EquinoRial in the 
planiſphere : to this ſum adde the ſecant of 
three minutes, which is 100000.01371, the 
S 
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ſum wiltbe 30c0:0.02132, which ſhewerh' ; 


the {ettion of the third minute of the me- 
ridian frem the Equino&ial, and ſo ſorth 


in all the reſt ; but after the Table was-thus- 


fkniſhed, ir being«roo' large for ſo ſinall a 
Volume, we have contented our ſelves with 
every tenth number , and have alſo cut 
- off cighr places rowards the right hand, 
+ ſothar inthis Table the ſe&ion- of 16 mi- 
*  nures isYÞþo, of one degree 1000, and this 
is fuſhcienr for the making either of the ge- 
nerall or any particular Chair, 

I call that a general Chart, whoſe line 
AE in the following figure repreſents the 
Equino@ial, (as here irdorh the parallel of 
So degrees) and ſo containeth all the pa- 
rallcls ſucceſlively from the EquinoRial re- 
wards cither Polc, but rhey can never be 
exrended very near the Pole, becauſe the d:- 
ſtances of -rhe parallels increaſe as much as 
fecants do, Bur notwithſtanding this, ir may 
be rermed general, becauſe a more general 
Charr cannor be contrived in plans, except 
a rrue projefion of the Sphtre it ſelf, 

And L call thar a particulayChart waich 
is made properly for one- particular Navi- 
g3tion;-as it a man were to ſail berwen 


the Latitude of 5o and 55 degrees, and his 
d.ftcrence of Longitude were not to exceed 


0x 


| —_ le. 
\-- > E* 
909 parts our of the line AE,/and ſer cheny 
fromthe loweſt parallelupwards,and draw 
the line AE, which thal! repreſens. che pa» ++ 
rallel of yo degrees. In like manner, I 
. 6 2 fiade ' - > 
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ciec umſcribing cylinder) the meridians a!fd 
mult needs be paralicl & fireight lines; and 
conſequently the rumbes, (making <quall 
angles with cvcry meridian) muſt likewiſc 
be ſtreighr lines, 

Secondly, becauſe the ſpherical ſuperficies 
whereof this planiſphere is conceived tote 
made, ſwelleth in every. part thereof equal- 
ly, that is as much in Lat:tude as in Longi- 
tude, till it apply it ſelf round about to the 
concaviry of the cylinder ; therefore at c- 
very point of Latitude in this planiſphere, 
a patt of the Meridian keepeth rhe ſame 
proportion to the like part of the parallel 
that the like parts of the Meridian, and pa- 
ralle] have cach to other in the Globe, 
withour any explicable errour, 

And becauſe like parts of wholes kcep 
che ſame proportion hou their wholes have 
therefore the like parrs of any parallel and 
Meridian of the Globe, have the ſame pro- 
portion, that the ſame parallel and meridi- 
an have, 

- Forexample ſake,as the meridian is dou- 
ble ro the parallel of 60 degrees; fo a de- 
gree of the meridian is double to a degree 
of thar parallc], or a minute to a minute, 
and what proportion the parallel hath ro 
the meridian , the ſame proportion m 

cir 
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their diamerers and ſemidiamerers each to 
ether 


Bur the fine of the complement of the 
parallels latitude, or diſtance from the E- 
quinoRia), is the ſemidiamerer of the pa- 
| rallel, OT 
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As here you ſce AE, the fine of AH, the 
complemenr of A F, the htirude or diſtance 
of the parallel AB CD fromthe Equine- 
Rial, is the ſemidiamerer of the ſame pa- 
rallcl, And as the ſemidiameter of the 
meridian or whole fine, is to the ſemidia- 
meter of the parallel; ſois the ſecant or 
hypothenuſa of the para}lels latitude, or 
of the parallels diſtance from rhe Equino- 
| &ial, tothe ſemidiamerer of the meridian 

or whole fine; as F K, (thatis AK)toAE 
(rharis GK) ſois LK, coKF, 
. Therefore in this aautical PRE 
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the Semidiameter of each parallel being c- 
qual to the ſemidiamerter of rhcEquinottia), 
that is, tothe whole fine ; the parts of the 
Meridian at every point of Latitude muſt 
nceds increaſe with the ſame proportion 
wherewith the ſccants of the ark, conteined 
berween thoſe points of Latitude and the E- 
quinoGial do increaſe, 

New then we have an cafic way laid open 
for the making of a Table (by help of the 
natufal Canon of Triangles) whereby the 
meridians of rhe Mariners Chart may moſt 
calily and truly be divided into parts, in 
due propertion, and from the EquinoRial 
rowards Ccither Pole. . 

For ( ſuppoſing -each diſtance of each 
pointof latitude, or of cach parallel from 
other, to contcin ſo many parts as the ſc- 
cant of the latitude of each point or pa- 
rallel contcineth) by perperual addition of 

che ſecants anſwerable ro the latitudes of 


- - each point orpatallel unto the ſumme com- 


pounded of all the former ſecants, begin- 
ning with the ſecant of the firſt parallels 
laritude, and thereto adding the ſecant of 
the ſecond parallcls Latitude, and to the 
ſumme of both theſe adjoyning the ſecanr 
of the third parallels Latitude;and fo forth 
in all the reſt we may make a Table yu 
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hall truly ſhew the ſeions and points of 
latirude in the Meridians of the Nautical 
Planiſphere, by which ſefions the parallels 
muſt be drawn, 

As inthe Table of meridional parts pla- 
ced at the end of this Diſcourſe, we made 
the diſtance of each parallel from other, to 
be one minute or centeſm of a degree : and 
we {uppoſed the ſpace between any two pa- 
rallels,next to each other in thePlaniſpere, 
to contain ſo many parts as the ſecant an- 
ſwerable ro the diſtance of the furtheſt of 
thoſe two parallels from the Equino&ial.z 
and ſo by perpetual addition of the ſecants 
of cach minute or centeſm to the ſum com- 
pounded of all the former ſecants, is made 
the whole Table, 

As for cxample,the ſecant of one centeſm 
in Maſtet Briggs's Trigonometiica Britannica. 
is 10000@,001523, which alſo" ſhewerh the 
ſe&ion of one minute or centeſm of che me- 
ridian from the EquinoRial in the Nautical 
Planiſphere ; whereunto adde the ſecants 
of rwo minutes or centeſmes,thart is rt 00090. 
00609, the ſum is 200000,00761, which 
ſhewerh the ſcion of the ſecond minute of 
the meridian from the EquinoRial in the 
planiſphere : to this ſum adde the ſecant of 
three minutes, which - I00000.01371, the 


ſuns uo, 
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ſum wiltbe 30c0:0.021 32, which ſhewerh - 
rhe {e&tion of the third minute of the me- . - 
ridian frem the Equino&ial, and ſo ſorth- 
in all the reſt ; but after the Table was-thus- 


fniſhed, it being«too' large for ſo ſinall a 


Volume, we have contented our ſelves with 


every tenth number , and have alſo cut 


- off cight places rowards the right hand, 


. ſo that inthis Table the ſeRion- of 10 mi- 
_ nures isYÞþo, of one degree 1000, and this 
.  isfuſfcienr forthe makingeither of the ge- 


&* nerallor any particular Chair, 


I call that a general Chart, whoſe line 
AE in the following figure repreſents the 
EquinoRial, (as here it doth the parallel of 
So degrees) and ſo containeth all the pa- 
rallcls ſucceſſively from che EquinoRial to= 
wards cither Pole, but they can never be 
exrendecd very near the Pole, becauſe the d.- 
ſtances of - rhe parallels increaſe as much as 


* - fecantsdo, Bur notwithſtanding this; ir may 


be rermed general, becauſe a more general 
Charr cannor be contrived 3x plans, except 
a rrue projection of the Sphere itſelf, 
And | cat{char a particulayCharr which 
is. made properly for one particular Navi- 
g3tion; as it -a man were to ſail berwen 
the Latitude of 5o and 55 degrees, and his 


'-» dftcrence of Longitude were Not ro-cxceed 


x 


8" 
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V3 
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On BY 
909 parts out of the line AE, and {ce eheny 
from:the loweſt parglielupwards,gnd draw - : 
the line AE, which thall repreſeng.che-pat- >* 
rallel of yo degrees. - In like manner, 4% 
$205 7 . dz = 
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- rhe ſe&tion of the third minute of- the me- 


. ſo that inthis Table the {e&ion- of 10 mi- 


* is fuſficienr for the makingeither of the ge- 
 nerallor any particular Chat, 
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ſum wiltbe 30c0:0.021 32, which ſhewerh' 


ridian frem the EquinoQial, and ſo forth 
in all the reſt ; but after the Table was-thus 
hniſhed, ir being«roo' large for ſo ſinall a 
Volume, we have contented our ſelves with 
every tenth number , and have alſo cut 
off cight places rowards the right hand, 


nures isÞpo, of one degree 1000, and this 


I call that a pencral Chart, who line 
AE in the following figure repreſents the 
EquinoQial, (as here ir doth the parallel of 
$o degrees) and ſo containeth all the 
rallcels ſucceſſively from che EquinoRial re- 
wards cither Polc, but rhey can never be 
exrendcd very near the Pole, becauſe the d.- , 
ſtances of -rhe parallels increaſe as much as 


x 


- fecants do, Bur notwithſtanding this, ir may 


bercrmed general, becauſe a more general 
Charr cannor be contrived 3# plans, except | 
2 rrue projection of the Sphere it ſelf, 

And | cat{thar a particulayCharr wiich 
is. made properly for one particular Navi- 
£3tion;-as it .a man were to- ſail berwen 
the Latitude of 50 and 55 degrees, and his 
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gure is for ſuch a Voyage, may be callcd 
particular, and is thus to be projeRed: «. 
Having drawn-the line A B, ſerving for 
the frſt meridian, crofle ir ar right angles 
with the two perpendiculars BC andAE; 
divide the linc AE, or another line paral-, 


lel toit into fix equal parts, nating chem; . * 


with 1,2,3,4,5,6; then ſub-divide cach 
part or degree into-10, and if yon can, cach 


of thoſc inte to more z however, we ſup-. -- '; 


polc'cach degree to be ſubdiyided into 1000 


patr> ;-through each of theſe degrees draw, > 
lines parallel ro the ficſt meridian A B.,The- 2 
meridians being drawn, to draw the paralug,, 
lels of latirude you muſt have recourſe tw. :**73 
your Table of meridionall parts, in which .' 


finding that the diſtance berween che Equa» 
ror and 50 degrees in the meridian ſhould 
be <qualrto 5x dcgr. 909-parrs in.che Equa+ 


ror and his parallels; .1 may ſuppoſe the” - . 


loweſt parallel to be-57 degrees from the E- 
quator, So the diſtance berween rhis loweſt 
parallel andthe parallcl of 52 degrees will 


be 909 parrs onely.: wherefore Lrake theſe _ 


909 parts out of the line AE,/and ſer cheny 
frota:the loweſt paralietupwards,gnd draw 


the line AE, which ſhall repreſenc.che pa- 


rallel of yo degrees. In like manner, Þ 


*& 


: x degriees, then a Chart made, as this t:-, 5 
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finde by theTable thar the diſtance berween 
the Equaror and yr degrees in the meridian 
is 59 degrees, 4831 parts: I abare the for- 
mer 57 degrees, . 4nd there remains 2 deer, 
431 parts, to be ſer from the loweft parallel 
upwards, by which to draw the parallel of 
51 degrees ; and ſomaythe other parallels 
be alſo drawn, 


Probl, 3. 


The Lalitudes of two places being known, 
to finde the Meridional difference of the 
ſame Latitudes, - 


N rhis Prepofition there are three varie- 
Pcs: Firſt,' when one of the -places is 

under the EquinoRial, and che othet 
without ; and in this caſe-the- degfees and 
minutes in the Table anſwering- rarhe lari- 
tude of thar other place are the nicridjonal 
diffexence of thoſe Latirudes. 

So if one place propounded were the en- 
trance of the River of the Amaz ones, which 
hath no latirude art all , arid the other thc 
Lizard, whoſe latitude-is 50 depfees,- their 
difference will be-found 57.945, - ' ©) 

2. When both the places have-Norther- 
ly or $outherly-Latirude, in this caſe. if you 
lubſtra the degrees. and, minutes in = 

Ta 
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Table an mon ro the leſſer Latitude, our 


of thoſe in the ſame Table anſwering to the 
grearer Latirude, the remainer willbe the 
Meridional difference required; - 


£xample, | 

Admit the Latirude of S, (briftophers ro" 

be 15 deg. So parts or minutes, andthe La» : * 

rirude of the Lizard to be 5o degrees, In - -* 
the Table of Lacitudey, the number anſwer- * 


ing T5 
$1 deg.5omin, is 15.69% 


F090 dep, is $7,995 
Their difference © 432,013 + 


|}, When one of the war have South ' 
erly and the other Norrherly Latitude z in 
this caſe, the ſum of the nwnbers anſwering -: 
x0 their Larirudes in the Table, Is the meri- 
dional difference you look for, - | 

So Caput bone ſpei, whole latitude is a» _ 
bour 36 deg, 50 parts,and:7apanin the Eaſt * 
Indies, whoſe. latitude is about 3o degrees * 
being propaunded, their meridional diffe- 
rence. will be found ro be-97og ry, 


For the meridional parts of 36,50, 29.242 * 
And the meridional parts of zo d, 31.49% 
Their fum is the difference required, 70,724 *, 

S3, Probl, + 
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Probl, 4. 


T'wo places differing onelyin Latitude, to 
finde therr diftance. 


JN this yang there are two yarieties, 

If the two places propounded lie 
under the ſame meridian, and both of them 
on one fide of the EquinoQial, you muſt 
ſubſtra& the lefler latitude from the greater, 
and the remainer converted into leagues, by 
allowing 20 leagues to a degree, will be the 
diſtance required, 

2, 1f one place lie on. the North, and the 
other on rhe Sourh fide of the EquinoRial 
(yer both under the ſ@ne meridian ) you 
muſt then adde both the latirudes rogether, 
and the ſum converted inro leagues, will 
give thcir diſtance, 


Probl, 5. 


Two places differing enely in longitude being 
given, to finde their diftance, 


N this propoſition there are alſo rwo ve- 


ricties, * 
I, If the rwo places propounded lic un- 
| der the EquinoRial, then the difference of 


their Longirudes reduced into leagues (by 
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allowing 20 leagues ro a degree) givethrhe - 
diſtance of tho places required, . . 

2, Burif the two places prepbunded dif- 
fcr onely in longitude, and lic nor under 
the EquinoRial, bur under ſome other in- 
termediate paralle] between the Eqnino- 
Rial and one of the poles; then. te finde 
their diſtance, the proportion is, | 
As the Radius, 

Is to the co-ſine of the common laritude ; 
So is the ſine of half the difference of tons 
girude, 


To the fine of: half their diſtance, -. 


Probl; 6. 
Tivo places being given, which diffs both 
in Longitude and Latitude, is finde 
their diftance, 


F N this Propoſition there axe thrice yaric- 
ries, | | 
1, If one place be under the EquinoQiat 
circle, and the orher towards cirher. pole; 
then the proportion is, | 
As Radius, 
To the coſine of the difference of longitude; 
So is the co-fine of the latitude given, 
To the co-{ine of rhediftance required, 


Sa 
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2, If both the places propounded be with- 
our the Equino&ial, and ay Northern 
or Southern ſide thereof, then the propor- 
ri2n muſt be wrought at two operations, 

1, Say; Asthe Radius, 
Tothe coſine of rhe difference of Longicude 
So the co-tangent of the lefier latitude, 
To the tangent of the fourth ark. 

Which fourth ark ſubſtra& our of the 
complement of the greater latitude, and. 
retaining the remaining ark ſay, 


As the co-(ine of the ark found, 

Is to the co-fine of the ark remaining ;- 
So is the fine of rhe lefler latitude, 
To the co-fine of . the diſtance required, 


3. If the two places propounded differ 
both in beaglenla and Yandanls , and be. 
both of them without the EquinoRial, and 
- one of them towardsthe North pole, and. 
the other towards the Sourh pole, rhe pro- 
portion is, | | 

As the Radius, 

Is tothe co-finc of rhe difference of Longpit, . 
So is the co-tangent of one of the Laritades 
To the tangent of another ark, 


Which being ſubſtraRed our of the other 
Latiude, and go degrees added thereto, 
_ 6 


2 
6 #93) * 
Azrhe ro-fine of the ark found, 
Is to the co-fine of the ark remaining ; ; 
Sois the co-fino of the Latitude firſt raken, 
To the co-finc of the diſtance, 


| Probl, by,” 
The Rumbe and daſtance of ro places gives, , þ 
ro_finde the difference of Latitude, ' 


He-proportion is: As the Radius, 
1s to the co- fine of the rumb from the | 
meridian : : So'is the diſtance, 
Toxhe difference of Latitude, 
Example. . 
If a ſhip fail Weſt-north-weſt, (rhart is, 
upon the f1xt rumb from the meridian) the 
diſtance 6f go lezgues;. whar ſball be the 
-differencc of Lartinde > 
Firft, 4 ſeek in the Table of Angles which 
. every, Ruinb makerhi with.the* Meridian, for | 
the quantity of rhe angle of the ſuxr rumb, 
which is 67 degr. fo parts, the complement. . 
whereof is 22 dcgr. 50 parts : therefore, 


As theRadins, 1c.000000 
Is rs the fine of 22.50, 9. 532839 


-So is he ditariee in leapues 90s | 2,954242 . 


Tothe diference of Latitude 34, and berrer 
M7 i 4 


\ 
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And by looking the next neereſt - 
rithm, the difference of latitude will 
leagues, and 44 hundred parts of a league, 
And becauſe 5 centeſmes of -a degreean- 


ſwercth to one league, therefore if yo mul- 
tiply 3444 by 5, the produR wil L 
from which cutting off the foyr” laſt Ggures, 
the difference of larirude will be one degree 


| 4 73 centeſmes of a degree, and ſomewhat - 
more, 


Probl, 8, 


The Rumb and Latitude of two places being 
given , to finde the difference of 
Longitude, 


He proportion is : As the Radius, 

| Is ro the rangene of the rumb fromthe - 

| meridian : Sd is the proper difference 
-of latitude, To'rhe difference of Longitude. 


Example, 

If a ſhip fail Weſt-north-weſt (thar is, 
upon the ſixr Rumb- from the meridian) fo 
far, thar from the latitude of 51 d Y 
53 centeſmes, it "cometh to che, latirude of 
49 degrees, $2 centeſies ;. what: difference 

of Longirude hath Tuch a courſe made ? 
- Firſt, I ſeek jn the Table of Meridional 
pants whar degrees do there anſyer to each 

; | atl 
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larirude, and to $1 degrees, 53 min. I fiyde * 

60.328, and ro 49 degrees, 82 minurcs, 

5$7.629,which being ſubſtraed from 60.328 

— their difference is 2.699, the proper dife> 
rence of latirude, Therefore,. | 


As the Radins, . 10,90000d ** 
To the tangent of 67.50, 10.382775 : 
So is 2,699, 0,43120F + 


To 6 rhe difference of Longirude; 0.81397 o : 


Or in minuter parts 6.515, that is 6 degr, /-. 
5% centeſmes of '@ degree ere, which was -. 
the thing required, * | 


Here followeth the Table of Meridional ' 
parrs, mentioned in ſome of the preceding - 
Problemes, together with other Tables 
fullin rhe Arts of Dialling and Navigation -- 
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(416 ) * 
_ Declination and Righe 


M————— 


hb ——— AM. 


RR EBSM Diſt, \Right 
The names of the Declina- Z a 


STArs. | tion [the pole ntzon 
SAY _Ib. M. ID. M/H.M 
Breſt of Caſſiopeia _ 54 76 N35 240 35 


Pole-ſtar 87 48 Nloz $2 
Girdle of Andromeda 33 83 Nis6 17 
| Knecs of Caſſiopeia i58 41 N31 59 

[ts 00 _”_ 00 
Sourh, foot of Andr,4o 65 Ni 1g 35 
Rams head 21 81 N|68$ 1g 
Head of Meduſa |39 58 N50 42 


cl 
83 


Perſeus right fide 48 $5 N'qr 45]2 98 
: ; Bulseye * n WI FY N 174 25 

The Goar | [a5 $8 Naa 42/4 8 

 Orions left fopt 'o8 63 S|ax 3714 96 
- Oridns left ſhoulder [og g8 N's4 0315 10 


_ 
.- 


? 


Firſt in Or30xs girdlc'os 58 589 42 
Second in0riexs gird.'o1 45 S{28 55] 
Third in0rioxs girdle/oz 15 584 85} 

agoners right ſhold.44 86 N 


KRAUSE mpamnunun00 0 
a 
Aa 


5 145. 72 


' Or40xs right ſhoulder ſop 30 N82 70]5 69 

Bright foor of Twins|16 65 Njp3 35[6.. 39 

+ The.great Dog 16 21 Iff3 7916 5® 

. Upper head of Twins|32 5o Nis7 5ol7 29 
06 10 N83 go'n 36. 

'6L 20/7 4® 


Bright- ) 


e lefle Dog 
Loyer hcad of Twins {28 80 N 


(417). 


Aſcenſion of the Stars. 
—__ mmanneno-anaunn_wnme — 
Brighteſt in Hydra 16 S,8z 84109 16 
Lions hearr 13 63N 76 37,0983; 
Lions back 2:2 06N 65 94j71 jo 
Lions rail (6 FON/73 50,1. 5l 
Grear Bears rump, {x8 72Nj3!1 zbito 66 
Firſt in thegrearBea F 

rail nexr her 
Virgines ſpike 
Midtlemet Mm the 

ar Bears tail 

In the end of her tai 
Berwzen Fooces thig 68 ; 
South Ballance 75 494? 
North Ballance $05 581" 'h 
Scorpions heart *Faf $3 Iv 27101; 
Hercules head 4 ur , 
Serpentaries head 
Dragons head 
Bcighreſt in the 
Eagles hcare ::1 
Swans tail 
Pegaſus ouch! -'1oÞ , 4 
Prgaſus ſhoulder |'7 38N/76 6:[ 129 | 
The head of AndromJ37-24N 62.48" 43 35 


(418) 
Rules for finding. of the Poles elevation by 
I movidian altitude of the Sun 07 fears, 
_ - amd bytbe Table of their Decli- . '. * 
nations aforegoing , 


(aſe 1, 

F the Sun or ſtar be on the meridian to 
Foc ſourhwards, and have ſouth declina- 
Gon, - Adde the ſuns declinatioo to his 
meridian alcitude , and raking that-rocal 
from go deprees, what remaineth is the latt- 

wade o the plate defired. 
2 hs che 7 of Februaty, 1654, by the aforc- 


from 90 . 00 
Neth latitude 62.9 3 
7 Buz when you have. added the ſuns decli- 
nition to his meridian ajrirude; if the toral 
excecd go : ſabfttaRt 90 dog, from ir, and 
whar is your latirude to the 


? Ag aenirch+ Tags declination to be ſourk- 


ag Table, the ſuns decl, ſouth ois 11 . fo 
meridian alcirude . I5.27 
by orgotal is. | | 27 .07 


eily —- . 86 
And his meridian altitude . 23 
- The ſumorroral is 9. « 03 
'From which ſubſtra&ing ge . 00 


Thetx remains rhe lsrirude ſouth, &9.. 


cafe 


(419) 
Caſe 2, 


If che. ſun'or far 'be-on the: meridians to + 

the ſourhwards , and have north decli- 
nation, - 
SubſtraR, the ſuns Lectiaiion From his 
meridian altitude, and that which remains 
ſubſtra from 9o, and then the remainer is 
the poles clevation northerly, 


o Caſe y 


If the ſun or far.be gn, the meridian to 
the northwards,and have nonh declinarion 
Adge the ſuns declination to his meridian 
altitude, the toral take from go, and whar 
remaineth is the poles cleyation ſoutherly, 
Bur when you have added the ſuns decli 
——_—— 
90, r oxFrom I 
eth i 1s m_—en lacing hortherdy, | | 
Caſ e "i | 1 " 
If the ſun be to the northwards ar noon, 
and declination Touth., 
-  Subſtra@ rhe ſuns gecliparion from bis 
meridian. akirude, and.chat which rtmains 
ſubſtrat. from go, what then, remaineth ls 
_ your Jatirude fowhtely, 
And whar'ts Taid of the'Suny, is alfors be 
undcrſtood of the Stary, being upon the Mc-" * 
ridian, Caſe 


(426) 
Caſe \ of 
If you obſerye when Sun hath no de- 
clinarion, © 
| _ Subſtra&this meridian alricude from yo, 
what remainerh is your larirude, 


.Caſe 6, 


If you chance.to obſerve when the Sunor 
ſtar 5 inthe Zenith, thar. is 90 degrees a- 


den LD "Look jn the rable for 
te ER fear or of that flar, 
Apart, + 
>. WARE, Saſe'7, * AD Sac 
Ye Seat he roland 
Re Pole. 
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